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Philadelphia, December 31, 1875. 
To Professor J. P. Lesley, 

State Geologist: 

Sir : — I have the honor to submit the following report upon 
the Coke Manufacture at Connellsville, Payette county, Pa., 
and other points along the Youghiogheny River Valley. 

In accordance with your instructions I directed Mr. Charles 
A. Young to examine the mineral deposits which furnish ma- 
terials for the groups of Coke Ovens and Iron Fufnaces, as well 
as to gather statistics for an Economic Report. But as the 
general geology of the region is described in the Final Report 
of the First Geological Survey of Pennsylvania, published in 
1858, and as the Second and more elaborate survey of Fuyette 
and Westmoreland counties is to be made by Prof. Stevenson 
in 1876, 1 have briefly re-stated the principal facts so that the 
general structure of the country may be easily understood. 

Mr. Young pursued his survey in the Valley from May 20th 
to September 15th, 1875, and the facts and tables p.-esented in 
this report are substantially in the form in which they were re- 
turned by him. 

Much assistance was rendered by persons residing in the Val- 
.ey, or interested in its prosperity. I am especially indebted for 
information and good offices freely tendered by Mr. E. C. Pechin, 
C. E., of Dunbar Furnace; Mr. Frick, of Broad Ford; Mr. 
Davidson, of Connellsville ; Mr. Frank D. Howell, of Phila- 
delphia ; and Mr. Oliphant, of Uniontown. But kindness to 
Mr. Young and myself, and interest in the special survey of 
this important business of South Western Pennsylvania, were 
uniformly and universally manifested throughout the district. 
I remain with much respect. 

Your obedient servant, 

FRANKLIN PLATT, 
Assistant Geologist. 
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BY PBANKLIN PLATT. 



CHAPTER I. 

The Goal Measures of the Youghiogheny. 

It is proper to preface a report upon the Coke Manufacture of 
the Youghiogheny River Valley, in Westmoreland and Fayette 
counties in south-western Pennsylvania, with a geological de- 
scription of the Bituminous Coal Beds, and especially of the 
large Pittsburg coal bed from which, practically, all the mate- 
rial of that manufacture is obtained: its altitude on the hill 
sides ; the depths to which it sometimes sinks beneath the 
river ; its eastern outcrop, facing Chestnut ridge ; its covering 
rocks ; and the measures which underlie it at various depths. 

This bed, named by Messrs. M'Kinley, Jackson and other as- 
sistants of Prof. Rogers in 1836-1840 the " Pittsburg Bed," was 
traced by them from Pittsburg to Connellsville ; and by Dr. 
Jackson, from Connellsville southwards to the Virginia line, 
and back by the Monongahela to Pittsburg ; and northwards 
by i^Tew Alexandria, Blairsville and Saltsburg, through north- 
ern Westmoreland, to Pittsburg. Its geological position as 
the bottom bed of the Upper (Monongahela) Coal Measures,, 
its outspread throughout Westmoreland and Fayette counties,, 
the basins in which it lies, and the gentle anticlinal rolls which 
separate these basins — were all perfectly well known before the 
end of the First Geological Survey in 1842, and are minutely 
described in the second volume of the Final Report of 1858.* 



* Book IX, Subflivision III, Ohap. S3, (pages 599 to 602,) Third basin, Blairs- 
ville, Saltsburg, Chestnut Ridge; Chap. S4, (603-616,) Lower Coal Measures 
along Chestnut ridge, south to Connellsville and Maryland ; Chap. 25, (616- 
628,) Pittsburg Bed facing Chestnut Ridge; Chap. SS, Pittsburg bed in tb 
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Along the Youghiogiieny the connection of the Pittsburg 
area of the bed with the Connellsville area is broken ; the bed 
rising into the air and descending again ; the intermediate por- 
tion being swej)t away. The map accompanying this report 
(Plate 1) therefore shows no coke ovens and no coal mines in 
this intermediate area. People in the Connellsville region have 
imagined that the bed at Connellsville is a diflerent bed from 
the bed at Pittsburg. But its identity, as has just been said, 
was demonstrated many years ago, by tracing its outcrop in a 
semicircle by the soutli, from Coimellsville to Pittsburg ; and 
the identity is shown upon the long sections of the Final Re- 
port of 1858 ; and by numerous local sections in the text of 
that report. It is again exhibited by the section along the 
Youghiogheny river prepared, from measurements of outcrop 
heights along the river, by Mr. Young, and published with this 
report (Plate 2,) adding indeed no new force to the old evi- 
dence, but making more evident the exact shape of the swells 
which carry the bed into the air, or plunge it under water level. 
The repugnance manifested towards an identification of the 
bed at Connellsville with the bed at Pittsburg has arisen out 
of the fact, that at Pittsburg it is not in its best condition, 
whereas at Connellsville it is at its largest size and of the finest 
quality. Its various aspects in south-western Pennsylvania 
will be fully discussed and described in the Report of Progress 
of 1876, from a thorough re-survey of the entire field which it 
occupies west of the Monongahela and south of the Kiskimin- 
etas. Its changes along the left or west bank of the Mononga- 
hela are shown in Prof. J. J. Stevenson's Report of Progress, 
1875, on Washington and Greene counties. 

This Coke Report of 1875 is especially confined, by order of 
the Board of Commissioners, to the local districts of "West- 
moreland and Fayette counties, where the Coke establishments 
are found, a list of which, 45 in number, will be given further 
on. But a Report on the Coke Manufacture, by Mr. John Ful- 

fourth basin at Greenburg, &c. ; Oh,ap.S7, (630-635,) around Pittsburg; Chap. 
28, (636-650,) south of Groensburg. A multitude of local sections from Dr. 
Jackson's notes illustrate these chapters; and these will be used in our Re- 
port of Progress of the Second Geological Survey in Westmoreland and 
Fayette, in 1876. 
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ton, published, by permission, at the end of the volume, will 
compel some notice of the Coke district of the Upper Cone- 
maugh, in Cambria county, and the lower Coal beds there 
mined for coking purposes. 

The Coke Region now in question embraces : — 1. The Valley 
of the Youghiogheny from its mouth at M'Keesport, to the 
Gap through Chestnut Ridge, at Connellsville, 44 miles*'; 
2. The Valley of Dunbar Creek, at the base of Chestnut Ridge 
from Connellsville south to Uniontovvn, 10 miles; — 3. The Val- 
ley of Mount's Creek, at the base of Chestnut Ridge, from Con- 
nellsvillef north to Mount Pleasant, 9 miles ; and 4. The line 
of the South "West Pennsylvania, Railroad from Connellsville 
north towards Greensburg, 12 miles. 

This Coke Region is served by four railways : ■ — 1. The 
Pittsburg, Washington and Baltimore (Pittsburg and Connells- 
ville) main line, running along the right or north bank of the 
Youghiogheny River ; Connellsville being 57J miles from Pitts- 
burg, and 287 miles from Baltimore :]: ; — 2. The Uniontown 
Branch, 10 miles long ; — 3. The Mount Pleasant Branch, 9 miles 
long; — 4. The South West Pennsylvania Railroad, (a branch 
of the Pennsylvania Railroad,) 24 miles long, from Greensburg 
to Connellsville.§ 

Surveys have recently been made looking to the extension of 
the Slackwater navigation of the Monongahela river, up the 
Youghiogheny river, to Connellsville.^ 

The streams which afford convenient road-beds for the above 
named railways are affluents of the Ohio ; the Youghiogheny 

*43 to Connellsville; 44 to White Rock junction of the Pittsburgh and 
Connellsville Railroad, with the Uniontown Branch Railroad. 

t Properly from Broad Ford junction (2 miles below Connellsville) along 
the Mount Pleasant Branch Railroad. 

{ After going east from Connellsville, through the two gaps of Chestnut 
Ridge and Laurel Hill, and over the summit of the Allegheny Mountain, 
and descending to the Potomac waters at Bridgeport, 7Si miles, the coke for 
Middle Pennsylvania switches off north on to the Bedford, Broad Top and 
Huntingdon Railroad, and descends to Harrisburg by the Pennsylvania (Cen- 
tral) Railroad, reaching Philadelphia in 357 miles from Connellsville. 

§ By this route the ooke from Connellsville reaches Pittsburg in 58 miles' 
and Philadelphia in 346j miles. 

1 For levels see Report on the Levels of Pennsylvania, 1875, by Charles 
Allen, Assistant in Charge of Collection of Levels for the Second Geological 
Survey. 
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being a brancli of the Monongahela ; and the Monongahela to- 
gether with the Allegheny forming the Ohio, at Pittsburg.* 

The map will show, better than any description, how the 
general drainage of the district under review is towards the 
west ; how the Little and Big Sewickley creeks and Jacob's 
creek cross southern Westmoreland from Chestnut Ridge to 
the Youghiogheny river; and how the Redstone, Dunlap's, 
Brown's and George's creeks traverse Fayette from Chestnut 
Ridge to the Monongahela river. 

This genei-al drainage westward has been produced, geologi- 
cally, by the great anticlinal of Chestnut Ridge, which throws: 
1. The Upper Coal Measures; — 2. The Pittsburgh bed; — 3. The 
Barren Measures under it ; — 4. The Lower Coal Measures next 
lower, and — 5. The Conglomerate (No. XII) into the air; 
while it upheaves, in a long straight north-east line, the Sxib- 
Carboniferous rocks (XI, X,) in the shape of a mountain ridge 
with broad flattish top, to the height of about 1,300 feet above 
the river bed at Connellsville, and about 2,200 feet above the 
ocean level. t 

On this rounded mountain crest, overlooking Connellsville, 
may be seen still lying in place massive square fragments of 
the conglomerate ISTo. XII, the bottom rock of the LowerJ Coal 
Measures ; while the outcropping edge of the Pittsburg or Con- 
nellsville coal, the bottom bed of the Upper Coal Measures, dot- 
ted with coal drifts, may be noticed far down below, ranging 
along; the east face of a line of low hills, fronting- the west foot 
of the mountain ; the valley of Dunbar creek flowing north, 
and of Mount's creek flowing south, into the Youghiogheny at 
Connellsville, intervening between this outcrop and the moun- 
tain. 

In other words : the bottom rock of the Lower Coal Measures 
occupies the top of the mountain, while the Upper Coal Mea- 
sures occupy the rolling low country of Fayette and Westmore- 

* The Coke of the Youghiogheny Region descends the Ohio, by boat and by 
rail, and is distributed through the Western States as far as St. Louis and 
New Orleans. Statistics will be given in the following chapters. 

t The Elk Rock is by barometer 1,450' above Connellsville; but this is 
doubtless too high. Cow Rook 650; Dunbar Furnace, 165 J. P. L., 1865. 

J Meaning thereby the Lower J^oductive Coal Measures. 
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land, spreading westward from its foot, the geography and ge- 
ology being exactly reversed. 

From the summit of one of these huge remnants of ISTo. XII 
called the Elk Rock,* the geologist looks westward down upon 
undulating bituminous coal country of western Pennsylvania, 
through which the Youghiogheny and Monongahela rivers me- 
ander with their hundred tributary streams and streamlets, ex- 
posing in thousands of hillsides, each from two hundred to 
four hundred feet high, the outcrops of the three beds of the 
Upper Coal Measures — the Pittsburg, the Redstone (50 feet 
above it,) and the Sewickley, 50 feet above this again. 

Two beds, still higher in the series, the Waynesburg and the 
Washington have been eroded from a good deal of the country, 
but the geologist can see with his mind's eye, their outcrops 
lining the far distant and more elevated hills beyond the Mo- 
nongahela river.f 

The country is geographically undulating ; for only along the 
water sheds between the principal streams is there any level 
surface, and scarcely there. The whole country is a labyrinth 
of shallow vales and valleys with rather steep hillsides, marked 
by the outcrops of coal, limestone, shale and sandstone beds, in 
nearly horizontal attitudes, the dips being measured, not by de- 
grees, but by feet in the mile, as Mr. Young's section shows. 

And geologically the country is undulating; for the Coal 
Measures, although lying so nearly horizontal, do really rise 
and fall, in exceedingly flat broad waves (parallel with the 

*!Fig. 1, is from a sketch of the north side of the roclc, made in 1865. Fig. 
2, shows the decayed east end, with a ground plan of the whole. The ascent 
to thib point of view from Connellsville is easy, and the distance about three 
miles. It will undoubtedly become a place of resort for the lovers of tine 
scenery. The Elk Rock is one of two large fragments, with several smaller 
detached pulpit rocks close by, one of which is seen to the left of the sketch 
at the North end of the Elk Rock. The " Conglomerate" is here a soft yel- 
lowish friable sandstone, from 10 to 60 feet thick, showing no lines of bed- 
ding,and fewcleavage planes. It weathers easily and in rounded contours, 
is hollowed into bear caves, and exhibits curious reticulations of sandy iron 
ore. Further down the mountain towards Connellsville, and near the edge 
of the gorge of the Youghiogheny, a flat rock, over which the road passes, is 
covered with Indian sculpture, and is called the Cow Rock, 

t In Prof. J. J. Stevenson's Report on Greene and W^ashington counties, 
(1875,) are described more than twelve persistent coal beds of the Upper or 
Monongahela series ; adding thus, several to those already known and de- 
scribed in the Final Report of 1858. 
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mountain) so as to divide the region into regular basins, car- 
rying the outcrop of the Pittsburg sometimes to the hill tops, 
and sometimes bringing it down near to the river bed ; even 
putting it under river level from Sedgwick station as far as Ja- 
cob's creek. In this interval of 13 miles, as measured by the 
sinuosities of the railroad, or of 8 miles as measured straight 
across, this coal bed can only be reached by shafts. Everywhere 
else between Connellsville and Pittsburg gangways enter the 
bed at various heights on the hill slopes. 

Approaching the mountain, a sudden and rapid steepening 
of the dip to 20° * brings the Bituminous Coal Field to an end 
eastward ; throws the Pittsburg bed into the air along a straight 
outcrop of seventy miles ;t hollows a series of little valleys in 
the Barren Measures all along the foot of the mountain ; brings 
up the Lower Coal Measures on the flank of the mountain 4 
and throws out the Conglomerate near the mountain top in a 
line of little terrace knobs. 

The dip then suddenly flattens again and lays the Conglom- 
erate flat upon the broad summit of Chestnut Ridge, in patches, 
as above de8cribed.§ 

The mountain itself (Chestnut Ridge) consists of a grand 
arch of the Catskill Formation (IX and X ;) and the Youghio- 
gheny river, which cuts through it to its base, (1,300 feet,) ex- 
poses these formations in clifts and precipitous slopes on both 
sides of the gorge.^f 

*The dip measLTred at one place near Connellsville, was 19° ; but further 
north it is 30°. 

t That is from ten miles north of Blairsville, to the Virginia line, and far 
south of that. 

t Sometimes with a low, sharp intervening little ridge of Mahoning Sand- 
stone. 

§ When the dip is reversed, descending eastward into Ligonier Valley, the 
Conglomerate first comes in, makinganother row of little terrace knobs; then 
the Lower Coal Measures and the Barren Measures ; but the Pittsburg bed is 
not preserved along the centre line of the Ligonier Valley except in one lit- 
tle sharp high hill far to the north. A larger area of it is left in Somerset 
county at Salisbury ; and a still larger one in the Cumberland Coal Basin in 
Maryland. One very small piece remaining on the highest summit of Broad 
Top mountain in Huntingdon county, attests the undeniable fact that this 
wonderful Coal Bed once spread throughout Central Pennsylvania. 

H Wood Cut, Fig. 3, gives a section at Connellsville (looking N. 40° E. to 
show the structure. See also Figs. 472 and 474, of Jackson, in Rogers' F. R 
1858. 
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The outcrop of the Pittsburg bed may be said to run at an 
average distance of about two miles from the crest of the 
mountain, and always on the slope of a hill facing the moun- 
tain. 

The Connellsville Basin is shallow ; for a shaft sunk at a 
point one mile north of Connellsville, where the centre line of 
the basin crosses the river, struck the Pittsburg bed at a depth 
of only 120 feet beneath the river.* 

When the bed emerges further down the river it rolls slightly, 
but keeps above water level, low on the hill side, for about a 
mile, and then rises rapidly to the hill tops, and leaves them at 
Dawson's Station.f 

The Pittsburg bed does not descend again westward into 
the hill tops until we reach the mouth of Jacob's Creek, where 
it is first met with at an elevation of 300 feet. It then sinks 
rapidly, down stream, and goes under the water about a mile 
below the mouth of Jacob's Creek. 

Hence to White Heath (one mile below West ITewton) the 
Pittsburg bed lies under water level, in a synclinal trough as 
shallow as that of Connellsville, the dips being exceedingly 
gentle.:]: At West Newton a shaft strikes it at a depth of 60 
feet. 

Emerging again at White Heath, and gently rolling up and 
down the hill slopes, over a flat anticlinal, which crosses the 
Youghiogheny a short distance below the mouth of the Big 
Sewickley creek, the Pittsburg coal bed descends into its next, 
basin, and reaches its lowest elevation on the hill sides at Su- 
ter's Station. 

Thence it rises slowly to Armstrong station, and again de- 
scends gently to Gutfey's station. 

Thence it rises to 200 feet above the river at Alpsville, and 
sinks to 100 at Elrod's station. 

Thence it rises to 200 feet at M'Keesport, and so continues 
* The basin is described in the Final Keport of 1858, P. 611, Vol. 2, as sub- 
divided by a roll or anticlinal along its centre line, not only here at Connells- 
ville, but further north on Mount's Creek. 

t The hills immediately on the river at the Station are not high enough for 
it ; but those a mile back from the river to the north are. The coal is there 
mined for local use ; and a beautiful bench or terrace made by this bod is 
plainly traced on the landscape. 

t As seen at the Waverly Colliery, a little more than a mile below Jacob's 
Ci-eek. 
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slightly rising all the way down the Mouongahela river to 
Pittsburg, where it is 320 feet above water level . 

The following table of levels along the Pittsburg and Con- 
nelsville railroad was made by Mr. Charles Allen, from an in- 
spection of the profile of that road in the office of the com- 
pany at Connellsville, and corrected for mean tide at Baltimore, 
in accordance with instructions from Mr. W. H. Taylor, R. E. :* 

856' 



Pittsburg (0.0) 751' 

Birmingham bridge. . 751' 

Sotio 769' 

Copper works 763' 

Laughlln 770' 

Franlcstown 783' 

Hazelwood (3.6) 789' 

Grove 784' 

Brown's 757' 

Saltworks 766' 

Cityfarm 761' 

Braddock's (9.3) 769' 

Port Perry Junction . . 765' 

Saltzburg (11.8) 765' 

Riverton 765' 

M'Keesport (14.3) 765' 

Long Run (16.6) 765' 

EUrod (17.6) 768' 

Osceola (20.0) 768' 

Alpsville (21.0) 768' 

Coultersville (22 .0) 768' 

Robbinsville (23.4) 768' 

Armstrong's (26.1) 779' 

West Newion (32.6) 782' 

Snyder's 788' 

PortRoyal (36.9) 792' 

Jacob's Creek (40.3) 794' 

Barring's 804' 

Layton's (44.5) 818' 

Oakdale 852' 



LaurelRun (50.0) 

Dawson (51.9) 

Sedgewick (52.9) 

Broad Ford (55.0) 

CONNEIiLSVILLE (57 . 4 ) 

White Rock (58.6) 

Sand works 

Indian Creek (64.0) 

Ohiopile, F (74.9) 

Egypt station 

Drakestown R 

Confluence (84 .4) 

Brook Tunnel 

Shoofly Tunnel 

Pinkerton Pt 

Castleman (98.4) 

Mineral Pt (101.6) 

Pinegroye 

Garrett (108.0) 

Myerdiile (112.0) 

Sandpatch Tunnel (116.0) 

Summit Allegheny Mtn 

Philson's Mills (123.0) 

Glencoe 

Southampton (127.9) 

Fairhope (130.0) 

Bridgeport (135.9) 

Cook's Mills (140.0) 

EUerslie... 

Cumberland (149 .7) 



It appears from the above table (taking the rail- 
way grade as approximately parallel with the 
river water level) that the Youghiogheny river 
cuts its bed down 255' in 11 miles, from the 
axis of Ligonier Valley synclinal at Ohiopile 
falls, to the axis of the Chestnut Ridge anti- 
clinal at Indian creek, or - - - - 



868' 

872' 

894' 

921' 

921' 

982' 

1,237' 

1,302' 

1,319' 

1, 346' 

1,558' 

1, 614' 

1,649' 

1,757' 

1, 825' 

1,874' 

1,947' 

2, 063' 

2,226' 

2, 286' 

1, 861' 

1, 633' 

1,664' 

1, 384' 

938' 

784' 

730' 



23' 



per 



mile. 



* The profile itself has an empirical datum of 200' below low water at Pitts- 
burg, or 514' above mean tide at Baltimore. Distances, in miles, taken from 
Anderson's railroad map, are given In parenthesis. 
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From the axis of the anticlinal (Indian creek) 

it cuts down to the axis of the Connellsville 

basin (Broad Ford) 110' in 9 miles, or - - 12' per mile. 
From Broad Ford to the mouth of Jacob's creek, 

a distance of 14.7 miles, it falls only 78', or 5J' p. mile. 

Prom Jacob's creek to Pittsburg, a distance of 

about 40 miles, it falls only 43' feet, or about 1' per mile. 

But when the above intervals are measured, not by the wind- 
ings of the river, but in straight lines, the result obtained is 
quite difierent ; for by the bee-line distance from 
Ohiopile to Indian Creek, 7| miles, it is 34' per mile. 

Indian Creek to Broad Ford, 6 J miles, " 17' per mile. 

Broad Ford to Jacob's Creek, 10 miles, " 7.8' per mile. 

Jacob's Creek to Pittsburg, 25 miles, " 1.7' per mile. 

Even this does not corrctly express the slope of the general 
erosion of the country westward ; for if we measure the above 
intervals at right angles to the strike we get the following dis- 
tances and percentages of fall : — 

Ohiopile to Indian Greek, about 5 miles, = 51' per mile. 

Indian Greek to Broad Ford, about 6J miles, = 17' per mile. 
Broad Ford to Jacob's Creek, about 9J miles, = 8' per mile. 
Jacob's Greek to Pittsburg, about 23 miles, = 1.85' p. m. 

The law of surface topography thus comes out more and 
more clearly : the steeper the dip the sharper the erosion. And 
that it holds out, eastward, on the headwaters of the Youghio- 
gheny (Castleman's Rivei-) to the Summit of the Alleghenj 
Mountain is also shown by the table ; for, measuring at right 
angles to the slope from point to point in that direction, the 
bed of the river is seen to rise 

From Ohiopile to Confluence, 109' in 7 m. = ISA' p. m. 
From Confluence toMeyersdale, 717' in 15 m. = 48' p. m. 
FromMeyersdaleto Sandpatch, 163' in 4 m. = 41' p.m. 

As to the extent of the erosion, it is evident that the Pitts- 
burg (Connellsville) Coal bed and Upper Coal Measures once 
lay upon the tap of Chestnut Ridge ; for fragments are left still 
existing, beyond, at Ligonier and Salisbury. No reason has 
been given for doubting that the still higher Upper Barren Mea- 
sures also once passed over the mountain. Nearly three thou- 
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sand feet, therefore, must be added to get its original height. 
When the erosion began the crest of the ridge must have stood 
at between 4,500 and 5,000 feet above tide level,* and the aver- 
age of the general slope must have been then about l,840t feet 
in 40 miles, or 46' feet per mile. 

But this gives a very false idea of the original face of the 
countiy. To rightly see it, we must not average the 1,840' over 
for the whole forty miles, from the summit of Chestnut Ridge 
to Pittsburg, but take it in detail. The fall of the very first five 
miles, from the top of the mountain to the bottom of the Con- 
nellsville basin was 60'+l,300' + 740'=2,100 feet ; or 420' per 
mile ; and it was down this tremendous slope that the erosion 
began to plough out those numerous sharp ravines, which still 
continue to drain the mountain along its whole length ; under- 
cutting the sand rocks and revealing the edges of the coal beds, 
limestones and ii'on ores. We can easily study the process; 
for it is still going on continually before our eyes, at all sea- 
sons of the year, but especially in the spring time, when the 
melting snow and heavy rains wash down the clay and sand 
and fragments of rock which the winter's frost has loosened 
and softened, ready to topple over and slide down at the melt- 
ing of the ice. 

'So one can rightly understand the geology of the Connells- 
ville and Youghiogheny River Coke District who does not get 
a clear idea of the nature and extent of the erosion which the 
country has suffered in the lapse of all the geological ages since 
the close of the coal era and the uplift of the contiuent. 

* A very interesting inquiry arises here. Did the Continent at tliat time 
stand out of sea level at about the same general height then as now? We 
know that the ocean flowed up through Bucks, Lancaster, York and Adanis 
counties immediately after the rise of the coal fields, and that the bed of 
that New Red estuary was afterwards lifted many hundred feet. But this 
lifting seems to have been confined to the south-east counties of the State; 
for Pittsburg is only 750 feet above sea level now, and there are no New Rod 
deposits around it; and the New Red rocks are all tilted towards the north 
and west. Western Pennsylvania, then, may have been higher above sea 
level, but could hardly have been lower than now, that is, considering the 
formatidns. But the surface of Western Pennsylvania was evidently at one 
time several thousands of feet higher than it is now, and has been degraded 
by the ceaseless activity of its streams, small and large. 

] Adding together the diflerence of level between Pittsburg and Connells- 
ville, 143', the height of Chestnut Ridge, 1,300', and the thickness of coal mea- 
sures from XII up to the shales in the Ohio at Pittsburg, 400' ; say, 1,840 feet. 
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When we speak then of the Connellsville basin and of the 
Pittsburg coal bed as being limited by certain geographical 
lines and confined to certain areas, it must be distinctly under- 
stood, that it was not so limited formerly, but was originally 
with the Barren Measures below it and the Upper Coal Mea- 
sures above it, spread out in an unbroken continuous sheet, 
from Middle Pennsylvania to Middle Ohio, and far into Vir- 
ginia ; and it can in fact be recognized at such widely distant 
localities by its qualities and by its companion rocks. 

The description of the general appearance, risings and fal- 
lings, of the Pittsburg bed along the Youghiogheny river given 
above will serve equally well to describe its attitude along 
Jacob's creek, which, rising in Chestnut ridge, flows westward, 
with innumerable sharp windings, to fall into the Youghio- 
gheny 17 miles below Connellsville and 40 above Pittsburg. 
For ten miles it flows in the Connellsville basin with the Pitts- 
burg bed mostly below water level. Then for eight miles it 
flows between hills not high enough to take in the Pittsburg 
bed. 

The Big Sewickley also heads in the Connellsville basin and 
enters the Youghiogheny below West Newton, ten miles below 
Jacob's creek. Por six miles at its head near Pleasant Unity, 
the Pittsburg coal is under its bed, but emerges and goes into 
the air, coming down again and lying in the hill sides for six 
miles* above the mouth of the creek. From the ten miles of 
intermediate country the bed has been eroded, and the crtek 
flows through the Ban-en Measures. 

Redstone creek (south of the Youghiogheny) heads likewise 
in Chestnut Ridge ; cuts the Connellsville basin (holding the 
Pittsburg bed around Uniontown) for three miles ; then flows 
five miles through Barren Measures ; then six miles between 
hills carrying the Pittsburg coal bed, and enters the Mononga- 
hela at New Albany. 

Dunlop's creek, Middle run. Brown's run, and George's 
creek, still further south, flow wholly in the Upper Coal Mea- 
sures. \ 

* These measurements are not following the stream, but in a straight line 
t The details of this general statement are given in the Report of 1858, and 
will be enlarged in the Report of 1876. Many of the namesof places referred 
to in the Report of 1858, printed from Jackson's manuscript of 1840, are obso- 
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The Pittsburg coal bed will be described in its details in 
the next chapters, and in immediate connection with the colli- 
eries and coke-works. It is enough to say here that, while it 
varies slightly in thickness*, it is always a fine miuable bed, 
from eight to eleven feet thick, with a good roof, an even floor, 
and a small bearing-in slate-parting at about one and a half feet 
from the floor. Along the Youghiogheny it yields an admira^ 
ble coking coal, containing about 30 per cent of volatile mat- 
ter. As the percentage increases to 40 in the region of Pitts- 
burg, the coal is preferred for the gas coal market. 

Above it rest about 250 feet of Upper Productive Coal Mea- 
sures, [Monongahela System.) 

Under it lie about 450 feet of Barren Measures. Under these 
lie 250 feet of Lower Productive Coal Measures, [Allegheny Sys- 
tem,) containing at least two workable coal beds. 

Then comes the Conglomerate, say fifty feet thick. 

Then the red shales of XI, with iron ore, limestone and a 
little coal, not one hundred feet thick, all told. 

Under these lie the grey sandstones of X, the red sandstones 
of IX (Catskill,) the grey shales of VIII (Chemung oil rocks,) 
&c., &c., only to be reached by oil-well borings or deep shafts, 

lete, being names of property owners, re-plaoed by later purcbasei-s. But 
most of the description in the Final Report of 1858 is as intelligible now as it 
ever was. The facts, however, were meagre compared with those forthcom- 
ine;, after thirty years of business life has multiplied villages anj dSpflts, 
created industries, and established mines, collieries and coke-works. In 
this Report only such as relate to the Youghiogheny valley are now published. 
Those on the Big Sewickley are connected with the development of the Kis- 
kiminetas or Conamaugh river, and the Pennsylvania railroad. 

* Its thickness increases towards Connellsville, and diminishes towards 
Pittsburg. 
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CHAPTER II. 

The Geological Column at Connellsville. 

Dr. E. M. S. Jackson reported to Mr. Rogers the following 
section of about 250 feet of the Upper (Monongahela) Coal 
Measures, immediately overlying the Pittsburg coal bed.* All 
the rocks higher in the series have been swept away, in the 
lapse of ages, from the hills in this neighborhood. !N"or is it 
necessary, for the purposes of this report, to describe them as 
they appear further south and along the Monongahela river. 
This will be done in the Report of Progress for 1876 in Fay- 
ette and "Westmoreland counties. A full description of the 
Upper Coal Measures is given in Professor J. J. Stevenson's 
Report of Progress for 1875 in Washington and Greene coun- 
ties. 

Section below Connellsville. 

Slate and sandstone ? 30' 

Limestone ? 

Sand and slate 20' 

Limestone and slate, alternate 48' 

Mlcaceons sandstone, thick and thinf 36' 

Coal (Sewickley bed?) 0' 3" 

i>s'?ne«<o>ie and black slate, J...'| ( 22' 

itoes«o«e, yellow, nearly solid, . g^^^„^.^g^^ , 7' 

Coal (Bedstone bed?) i ] 1' 3 

Limestone with slate J I. 24' 

Slate and micac. sandstone § 60 

Pittsburg coal bed 9' 

Above the Youghiogheny river 24' 

Total 281' 6" 

In this section, the Redstone and Sewickley beds amount to 
nothing ; but on the Redstone creek the Redstone coal be- 

* See Final Report, 1858, Vol. II, pages 621, 622, fig. 500. 
t Upper part flaggy. 

X Upper part black limestone with black slate, and three Inches of coal, 
and five inches of black slate. 
§ W^ith some black shale. 
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comes three and a half feet thick, and on Sewickley creek the 
Sewickley coal becomes five feet thick. 

The chief feature of the country is the limestone deposit con- 
nected with these coals, overlying the Pittsburg bed and out- 
cropping in all the hill sides of the Connellsville basin. A 
very good description of this remarkable deposit, as it appears 
along the Monongahela river from Pittsburg to the Virginia 
line, is given on page 635 of the Final Report of 1858, sub- 
stantially as follows : 

The Great Limestone is non-fossiliferous ; variable in thick- 
ness and composition ; made up of numerous beds, in contact, 
or separated by thin layers of shale, and sometimes by deposits 
of shale from one to eight feet thick ; separated occasionally by 
calcareous sandstones, instead of shale, insensibly passing into 
limestone. — Color, generally blue and blueish. — Hard ; break- 
ing with a semi-conchoidal fracture. 

Some of its layers are of a light yellow color, containing 
transparent specks of crystallized carbonate of lime, and take a 
polish as a beautiful marble. Other slaty layers of a black 
color, very hard, and giving out under the hammer a foetid bi- 
tuminous odor, lie in contact with and pass insensibly into 
black shale, in which case the black slate itself effervesces with 
acid, splitting smoothly. Most of the interbedded deep blue 
and yellow shales are soft, mouldering to clay on exposure, and 
contain limestone nodules. Some of the soft shales are black 
like a coal crop; and two of these form locally the Redstone 
and Sewickley coal beds.* 

In Allegheny county and north-west Westmoreland county, 
the lower laj'crs of the Great Limestone cap the isolated knobs 
with what looks like an artificial pavement. 

Up the Monongahela, the sub-divisions of the Great Lime- 
stone surround all the vales and ravines with regular terraces. 

Mr. E. C Pechin, of Dunbar, read a valuable paper betOTe 
the meeting of the American Institute of Mining Engineers, 
at New Haven, in February, 1875,t in which the following de- 
scription of these limestones is given : 

Nothing definite is known about the upper layers of the 

*Prof. Stevenson limits the "Great Limestone" by these beds. 

t Transactions American Institute of Mining Engineers, vol. Ill, page 399. 
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great limestone mass, except tliat one of them, overlying the 
Pittsburg bed by about 300 feet, is a very valuable ledge of 
cement stone, from which the Phoenix Hydraulic cement is 
manufactured on a large scale. * 

Two ledges of limestone, separated by eight or ten feet of 
shale, and having together twenty-live or thirty feet of outcrop 
immediately overlie the Sewickley (U'niontown?)coal bed, here 
four to four and a half feet thick, good and clean, and mined 
for the farmers' use. 

Another layer of limestone, ten feet thick, underlies the 
above coal bed thirty-five or forty feet ; and overlies the Red- 
stone coal bed about forty feet.f 

The Redstone coal bed is therefore about ninety feet below 
the Sewickley (Uniontown ?) bed, and thirty-five feet above the 
Pittsburg (Connellsville) bed ; no mention being made of any 
limestone in this last interval. 

" There is practically no difference between these various 
ledges of limestone, and the analyses given below will serve for 
all. These ledges supply the local furnaces, and ship large 
quantities for the Pittsburg furnaces and city limekilns : — 

Carbonate of lime 86.589 

Carbonate of magnesia 3 .715 

Carbonate of protoxide of iron 1.685 

Alumina 4.576 

Silica 0.7L0 

Organic matter 0.213 

Water 0.003 

Ignited insoluble residue 2.836 

which last consists of silica, 2.445 ; alumina, 0.283 ; sesqui- 
oxide of iron, 0.062 ; lime, 0.038 ; magnesia, 0.006." 

* It is evident that Mr. Pechin does not confine the term Qreat Limestone 
to the calcareous strata overlying the Pittsburg Coal Bed vfithin the first 100 
or 150 feet, but that he includes all the lime rocks of the Upper (Produc- 
tive) Coal Measures, in the hills south of Connellsville. The Cement Bed 
of which he here speaks, does not even enter into the Connellsville section, 
lying about fifty feet above its highest stratum. 

tMr.Pechin thus places the Sewickley (Uniontown?) Coal Bed 85 to 90 feet 
above the Bedstone Coal Bed. There was great uncertainty felt and ex- 
pressed in the old survey about the identification of the small coal beds 
above the Pittsburg Bed, and we must wait until the new report of 1876 shall 
throw a clearer light upon their relationships. 
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Pittsburg Coal Bed. 

The Pittsburg Coal Bed in the Connellsville haein, is thus suc- 
cinctly described by Mr. Pechin. After stating that it occu- 
pies a trough three miles wide and fifty miles long, almost 
without a fault, he says that it gives from eight to nine feet 
of workable coal, is soft, easily and cheaply mined, and makes 
a coke of unusual excellence. 

His typical " verified" analysis of the coke may be as conve- 
niently given here as elsewhere : 

Analysis of Connellsville Coke, by U. C. Pechin. 

Volatile matter 1 .296 

Carbon, (hydrogen and nitrogen) 89.147 

Ash 9.523 

Water at 125° C '. .032 

Sulphur .084 

Ash ignited, as above, 9.523. 

Silica 5 .41.3 

Alumina 3 .262 

Sesquioxide of iron .479 

Lime .243 

Magnesia .007 

Phosphoric acid 0.012 

Potash and soda traces. 

"A large number of analyses of Connellsville coke have been 
made, showing less carbon and more sulphur. As regards car- 
bon. [ have had a number of analyses made at dift'erent times, 
out of diflferent lots, showing somewhat more carbon than the 
above. 

" This point is worthy of being noted in connection with 
this coal, viz : that in some localities slate veins (always con- 
taining more or less of sulphur) are almost wholly wanting, 
i/uiiig confined to a thread of not more than a quarter of an 
inch in thickness, about two feet from the bottom of the coal, 
while in other localities not far distant, there are numerous 
small slate seams. The above analyses were made from very 
pure coal. 

" The cheapness of the fuel is surprising at the present time. 
The coal is mined, coked and loaded on cars at the ovens for 
two and three-fourth cents per bushel, or one dollar and thirty- 
seven cents per net ton." 
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Lower Barren Measures. 

The Lower Barren Measures beneath the Pittsburg (Con 
nellsville) coal bed, occupy the valley of Dunbar creek, Young's 
Mile run and Gist's run, opposite Connellsville. They also rise 
successively from the bed of the Youghiogheny river, going 
down stream from the old Lobinger salt works, four miles below 
Connellsville. This latter section Dr. Jackson gives as fol- 
lows: — * 

Thick- Bot- 
ness. torn. 

Pifsburg Goal Bed 9' 

Yellow slate and blue shale 16' 16 

liimestone, (Pittsburg) 10' 26 

yellow shale 5' 31 

Interval unknown 20' 51 

Sandstone, (Connellsville) t 25 76 

Interval unknown 15' 91 

Olive shale 20' 111 

Sandstone, (Pittsburg,) micaceous, (Morgan- 
town?).' 9' 120 

Yellowslate 15' 135 

Interval estimated % 40' 175 

Blneshale 7' 182 

Fossil Limestone 0' 6" 

Blueshale 4' 186 

Coal Bed 1' 3" 

Blue slate 4' 191 

Sandstone, (bluff) 70' 261 

Yellow shale 25' 286 

Sandstone, (Upper Mahoning) 30' 316 

Shale 25' 341 

Sandstone, (Lower Mahoning) § 40' 381 

The characteristic features of the above section are: — 

1. The Pittsburg coal bed base at 

2. Shales, and Iron ore under it. 

3. The Pi«<s6M?-£r Ztme«to7ie; a well defined horizon, " 26 

*Final Keport, 1858. Vol. II, page 611. 

t Coarse, grey, diagonally bedded. Called also the Ligonier sandstone. 

% At the Old Franklin iron furnace and forge, and further on down stream, 
beneath the river bed towards Perryopolis, a village situated on a high hill 
of Barren Measures, not high enough to take in the Pittsburg coal. 

§ The next set come in three-fourths of a mile below East Liberty, at old 
Striokler's coal bank, and they are estimated to lie 35 to 40 feet under the 
preceding yellow slate. The coal bed (Strickler's little bed,) appears again 
400 yards lower down the river, and 35 feet above water level, and under it 
runs the 70 foot sandstone, <&c. 

2— L. 
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4. The CoNNKLLSViiii-E Sandstone ;* a marked 

horizon base at 76 

5. Bed variegated shales ;t universal. 

6. Limestone, fossiliferous " 182 

7. Coa^ 6ec?, very small " 187 

8. Sandstone, very coarse and large. % " 261 

9. The Mahoning Sandstone; very massive §.. " 421 

The Iron ore beds underlying the Pittsburg (Connellsville) 
Coal from 8 to 12 feet, and mined for many years six miles 
south of Uniontown for the use of the Fairehance Iron works, 
are thus described by Mr. Pechin: 

Blue Lump ore bed on top ; averaging from 35 to 37 per cent 
of iron, and only 0.006 of phosphorus. At Dunbar furnace, 
approaching Connellsville, this dwindles to about one inch of 
ore imbedded in four inches of a mushy, wet clay. To take its 
place, economical!}', a laj^er of a very peculiar ore, 12 to 15 
inches thick, is here found two feet over the clay, and four feet 
under the coal. This ore resembles baked yellow clay ; is richer 
in alumina, and leaner in silica, than the other carbonates ; 
weathers easily ; calcines with great ease, and runs together in 
great loups; contains of sulphur 1.11 per cent, and of phos- 
phorus 0.44 per cent. The soft clay under it allows it to be 
cheaply mined, at about $1 50 per ton, at present. The raw 
ore averages only about 30 per cent iron ; but when calcined, 
smelts with great readiness, and with less fuel and flux. A 
mixture with equal parts of mountain ores (Red Shale of XI) 
makes a very soft, fluid and desirable foundry iron ; the forge 
iron is, of course, cold-short, but otherwise good. This bed is 
now mined in every ore-bank opened between Uniontown and 
Dunbar, ten miles, and has been found regular far under cover. 
It has been struck in an artesian well at a depth of 420 feet. 

Condemned Flag ore bed lies next below the Blue lump ; and 
under it lies the 

*TheConnellsvillesandstone, 65 feet thick, onwhioh the town is built. The 
high knob opposite the town, and on the south side of the river, is of the 
same rock F. R. 1858, p. 610. 

t Reddening the country around Pittsburg. 

X This is a master rock in Somerset county, if properly identified. 

§ Below this appear the top of the A.lleghany River Coal Series, with a 
small coal bed at 427 ; a workable coal bed at 521, and some of the measures 
underneath. These turn gently over the anticlinal, and sink again suooes- 
Bively beneath the Youghiogheny river towards Pittsburg. 
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Big Bottom ore bed^ over the Pittsburg limestone. 

These two beds yield from 28 to 32 per cent ores, with more 
phosphorus and more silica than the Blue lump ore. "When 
worked together, and especially with charcoal, they make a 
brand of iron which was well known through the west for its 
excellence. About Dunbar, however, the Elag and Big Bot- 
tom ore beds are practically beds of limestone, with streaks of 
ore running through the deposit ; and in the country north of 
Connellsville, and down the Youghiogheny, all the three ore 
beds above described vanish, only two feet of fire clay inter- 
vening between the bottom of the Pittsburg coal bed and the 
top of the Pittsbrrg limestone. But from Dunbar south-west- 
ward, to the Monongahela river and into Virginia, the ores may 
be mined successfully.* 

The Pittsburg Limestone lies 16 feet beneath the Pittsburg 
coal, around Uniontown, and is from ten to twelve feet thick. 
Around Pittsburg, on the contrary, it immediately underlies 
the coal bed and occupies twenty-five feet of outcrop, with six, 
eight and even ton layers of blue and black limestone, sepa- 
rated by deposits of shale. Usually there is a top layer of 
limestone just under the coal bed ; then most of the shale ; and 
then the remainder of the limestone, composed of layers from 
12 to 18 inches thick, close on top of one another, generally of 
a dark blue color, but sometimes deep black, ferruginous and 
foetid. The top layer is sometimes absent or represented bj 
nigger-heads or nodules of limestone in the shale. 

The Connellsville Sandstone, (Ligonier sandstone,) is one of 
the great persistent members of the Coal Measure system, thin- 
ning and becoming more shaly towards the Ohio, thickening 
and becoming a more massive sandrock towards Chestnut ridge. 
It caps the highest hills in the Ligonier valley, and appears in 
its place under the Pittsburg coal at Salisbury, in Somerset 
county. The town of Connellsville is built upon it ; and as it 
ris'js from the river it forms the bluffs of the ridge west of 

*Mr. Pechin affixes to this favorable statement of the ore beds a theoretical 
crndition to be received with caution, namely : " That where the covering 
is light near the outcrop, the Blue lump and attendant lower ores will be 
found, and that wherever the cover grows heavy, these will run out and the 
other vein come in." All that is known of such deposits teaches that the 
amount of cover has nothing to do with such variations of deposit. J. P. L. 
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Dunbar creek, and the crest west of Gist's run. IfTear Pitts- 
burg, the shales over it contain lime-nodules, and the sand 
layers are separated and soft, but are used for flags and build- 
ing stone, often showing ripple marks. 

A limestone, not seen in the Connellsville section, but widely 
extended through the Monongahela country, underlies the 
sandstone. It is a square-breaking, hard, heavy, polishable, 
dark blue, (yellowish outside,) non-fossiliferous layer, three to 
five feet thick, undermined by a flooring of clay, and its frag- 
ments are tumbled down the hill slopes in abundance. 

A limestone (non-fossiliferous) 12 feet under the last, but only 
two feet thick, sends its blocks down in the same manner, and 
for the same reason. 

A limestone (non-fossiliferous) 35 feet under the last, three 
feet thick, and supported on a floor of sandy slates and slaty 
sandstones, does not lose its outcrop thus ; but, on the contrary, 
although frequently seen, is usually covered up by the red, blue 
and yellow shales and clays which overlie it and intervene be- 
tween the two upper limestones.* It is a stratum remarkable 
for weight and hardness ; breaks square ; smells of clay ; is 
-specked with calcite, and contains iron. 

Red Shale, averaging 12 feet along the Monongahela waters, 
makes a bright red mark along all the hill slopes, about 130 
feet bekiw the place of the Pittsburg coal bed. 

The Pittsburg sandstone (L\gomQv S. S. ?) is a great deposit of 
shale above, sand in the middle, and pebble rock at the bottom, 
70 feet thick ; extremely variable in its composition, however, 
in dift'erent parts of the country. The Pittsburg Court House, 
A^^estern Penitentiary, and other public edifices have been built 
from its quarries. It is sometimes so disintegrated at its out- 
crop as to furnish thousands- of tons of coarse sand. The quar- 
ries are in its lower layers, and yield a yellowish grey stone, 
sometimes brownish green or brown ; sometimes full of mica, 
sometimes destitute ; much current-bedded ; the pebbles in the 
bottom layers consisting of a fine, hard, drab or bluish clay, 
containing specks of mica from one inch to 15 inches (!) in 

* Coloring the roads of Allegheny and Northern Westmoreland counties. 
The red shale is only four feet thick, over which lie 18 feet of buff and gray 
shales, sometimes quite full of lime nodules; and over these ten feet of yel- 
low and purple shales. 



BARREN MEASURES. L. 21 

diameter, always round, and apparently water- worn ; coaly 
matter in the bed planes, sometimes pure coal ; abundance of 
matted fossil plants ; the sand of the disintegrated layers is of 
white quartz, water- worn, held together by a lime cement, and 
holding (in the green parts) a minute univalve fossil. 

Olive and buff shales, holding lime nodules, with layers of 
fine flag-stone, and black clay streaks, but no coal beds, occupy 
the next interval.* 

Mack Limestone, fossiliferous,t two feet thick, separated by 
a clay layer from two to four feet thick from an underlying small 

Coal Bed of the Barren Measures, varying from six inches to 
one and a half feet, hard, black, brilliant, and good. This bed 
lies, at Pittsburg, not many feet above the Monongahela river 
water leveL 

Marl, or calcareous blue and red mottled soft shale, the colors 
irregularly intermixed in spots, blotches and bands, numerous 
layers of lime-iron nodules occuring in the mass, and some mi- 
nute fossils. 

Sandstones, slaty, argillaceous, graduate downwards into yel- 
low and brown shales, to a 

Coal Bed of the Barren Measures, about one foot thick, up 
the Allegheny river ; but it does not appear in the Connells- 
ville section given above. 

Mahoning Sandstone. — This great triple deposit of sand and 
gravel, is the base of the Middle Barren Measures ; as the Con- 
glomerate XII is the base of the Allegheny River Coal Mea- 
sures. Along the Allegheny river bluffs it is seen divided thus: — 

Upper, 5S=>ndstone 30' 

< Conglomerate ; quartz ; iron nodules 4' 

Middle \ "^"^^ ^®'^' (sometimes) 0' 6" 

' ( Shales 25' 

Lower sandstone 35' 

*In Rogers' Final Report, tiie collated section on page 631, makes this 
limestone lie 300 feet below the Pittsburg bed. Jackson's section below Con- 
nellsville, makes it only 200 (183) feet more or less below that coal. The in- 
terval varies in all parts of the great coal field. 

■f Tills is a great store-house of fossils for the palaeontologists. The shells 
are mostly bivalves, iVodMciwi, Lceptena, Terebratula, <fec.,but joints of atone 
lily stems (Encrini) are abundant, some of them half an inch in diameter. 
A small Orthoceras (cuttle fish shell) is also plentiful. Ammonites are 
found. Prof. J. J. Stevenson has named a long list of these fossils in his 
memoir on the M^est Virginia Coal Measures in the Transactions of the Ameri- 
can Philosophical Society. Vol. XV, page 26. 
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This corresponds very well with its appearance in the 
bluffs of the Youghiogheny below Connellsville. The Loiver 
Mahoning is seen at the Old Franklin iron works and forge, 
as a thinly laminated, grey, micaceous sandstone deposit, mixed 
with dark olive shales, on a gentle east dip. Fragments of 
coal are found near it, which probably come from the little bed 
in the middle. 

The Mahoning sandstone is the great key-rock of the Bi- 
tuminous Coal Field in Pennsylvania, Ohio, "West Virginia 
and Kentucky. It was first best studied on the Mahoning 
river, in Jefferson county,* and hence its name. It is frequently 
referred to in the Eeport of Progress of 1874, on Clearfield and 
Jefferson,f and will be equally prominent in the report of 1875, 
on Cambria and Somerset. It makes a strong mark in the 
geology of the Broad Top Coal Field in Huntingdon and Blair, 
where it is a triple formation, with an intermediate coal bed. 

The Mahoning sandstone, however, like the Conglomerate, 
and like the Mountain sands and Oil sands, still further down, 
puts on locally a thousand varying aspects, being sometimes 
coarse, pebbly and massive, and again fine grained, thin bedded 
and shaly. "When horizontal, or nearly so, as on the Youghio- 
gheny, it always makes steep slopes, often bluffs, and sometimes 
towering and continuous cliffs along the valley sides. "When 
dipping more steeply, it always makes the brow of a ridge, like 
that along Dunbar creek, and that along Mount's creek, near 
Connellsville.:]: 

* Not the Mahoning river of Ohio. 

t See it placed in the Column of Formations, H, page 2. 

X At the mouth of Washington run, on the Youghiogheny, there is an ex- 
posure of^ 

Mahoning sandstone, coarse and massive 80 feet. 

Olive slate 4' 6" 

Coal bed 1' 3" 

Shale, with lime-iron-nodules 4' 6" 

Slate, olive 4' 

Sandstone, micaceous 4' 

Slate, olive 4' 

Sandstone, micaceous 5' 

Interval, at Washington run ; conjeoturally 65' 

Shale, blue 41 

Coal bed 4' g 

and these are the lowest rocks that appear above water level, between Con- 
nellsville and Pittsburg. 



ALLEGHENY RIVER COAL SERIES. L. 23 

The Mahoning sandstone forms the rapids of Youghiogheny. 

The Mahoning sandstone is largely quarried on Dunbar creek 
for furnace hearths, and for crushed sand for glass works* 

The total thickness of rocks between the Pittsburg coal bed 
and Upper Freeport coal bed, is stated by Prof H. D. Rogersf 
at 600 feet towards Blairsville, and 700 feet towards the Mary- 
land line. Prof. W. B. Rogers makes this interval, as mea- 
sured on his Morgantow-n section in Virginia, 525 feet. Prof. 
J. J. Stevenson makes the interval between the two coals on 
the Virginia line, 420 feet.:]: Dr. Jackson's notes down the 
Youghiogheny, puts the first coal bed under the Mahoning 
sandstone 427 feet below the Pittsburg bed, and the " four foot 
bed" 521. § The generalized section along the Monongahela 
and Allegheny rivers, around Pittsburg, makes it 470 feet.f It 
is to be hoped that the report of 1876, in Fayette and "West- 
moreland, will clear up the difficulties which surround the mea- 
surement, and give more precision to our knowledge of the per- 
sistent members of the Barren Series. 

Lower or Allegheny River Series. 

Mahoning Sandstone. 

Shale, of variable thickness § 6' to 8' 

Upper Freeport coal bed j 

Middle Freeport coal bed I 4' to 5' 

Limestone and ore 1 

Interval of 60 feet, (Pecbin) I 

Limestone ore, 2 to 3 feet J. 93' 

Limestone, 3 to 5 feet i 

Interval of 70 feet 

Lower Freeport coal bed 2' to 4' 6" 

Interval, with small ores and coals, 

Ferriferous coal bed 2' 

Interval of 30 feet 

Iron ore, nodular 

Interval, with small coals 

Coal bed, (Brookville? Clarion?) 

CONGLOMERATE, No. XII 60" 

* E. C. Pechiu, Trans. I. A. M. E. Ill, p. 404. 

t § Final Report, 1868, II, p. 500. Jackson's data. H Final Rep. II, 631. 

J Trans. Am. Phil. Soo., Vol. XV, p. 24. 

§ Jackson thought he found this bed of shale in one place on the Loyal- 
hanna, 55 feet thick. See Final Report, 1858, p. 502, Vol. II. 

II E. C. Pechin. Jackson's measurements varied with every section ho 
made along the mountain. At Dunbar, J. P. Lesley reported 100 feet inter- 
val, including the Conglomerate ! See private report of March 9, 1865, p. 10. 
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In these coal measures occur the ore beds of the Cambria 
Iron Company around Johnstown, in Cambria county ; the 
Paint Creek and Elk Lick ore beds of Somerset county ; the 
extensive deposits of brown hematite in Jeft'erson, Armstrong, 
Clarion and Venango ; and the extension of these through the 
Hanging Rock iron region of Ohio ; and Hartman's ore bed in 
West Virginia. 

But in the Westmoreland and Fayette region no such im- 
portant ore beds have yet been found. Mr. Pechin, knowing 
the eflbrts made to open similar deposits south of ConnellsviUe, 
says that in the 200 feet of measures beneath the Lower Free- 
port coal, " occur numerous seams of coal from six inches to 
two and a half feet in thickness, and, connected with them, 
small and unimportant layers of ore." 

" The Lower Freeport coal gives from four to four and a half 
feet of workable coal, full of sulphur and slate, but, when 
cleansed of these impurities, making a strong, excellent coke. 
It is not now regarded as of any value, but when the day 
comes tnat the ConnellsviUe (Pittsburg) coal is exhausted, this 
coal will play an important part in smelting the vast stores of 
ore which will still remain." 

" Immediately under this [Lower Freeport] coal, and lor 60 
feet above it, occur small and unworkable bands of ore. About 
70 feet above it is found a vein of limestone ore, claimed to be 
two to three feet thick, lying on some three to five feet of lime- 
stone. An analysis of cropstond gave the following:"* 

Sosquioxide of iron 2 .211 

Piotoxide of iron 33 .504 "l 

Lime 10.587 I 

Magnesia 2.495 f '»-0'0 



Carbonic acid 31 .484 J 

Alumina l.'W 

Silica 0.287 

Phospliorio acid . 168 

Sulphuric acid 0.160 

Combined water 1.883 

Hygroscopic water expelled at 100 C .292 

*In changing the arrangement of Mr. Pechin's analysis, it is not intended 
to intimate that the carbonic acid is exactly satisfied by the lime, magnesia 
and protoxide of iron first stated ; but merely to place before the reader's eye 
more prominently the lithological and metallurgical character of the bed ; 
which really contains about 9 per cent of silica ; 3 of alumma ; 2^ of peroxide 
of iron j 12 of lime ; 3 of magnesia ; and 27 5 of metallic iron. 
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Organic matter 2.406 

IgnitpJ insoluble residue 12.100 

consisting of silica, 8.667 ; alumina, 1,203 ; sesquioxide of iron, 

0.476 ; lime, 1.504 ; magnesia, .239. 

"Some 60 feet above this occurs another vein of limestone 
ore, which has only been opened on the outcrop, but not an- 
alyzed. Above this follows the Mahoning sandstone." 

The names Upper, Middle and Lower Freeport coal beds, are 
adopted from the series on the Allegheii}' river. Eut it is a 
little hazardous to attempt their absolute identification. All 
we know for certain, is that the three Freeport beds of the 
country of the Mahoning, Redbank and Moshannon rivers, 
further north, form the first set of workable beds underlying 
the Mahoning sandstone. 

The Upper Freeport bed at Connelsville is merely the first 
workable bed under the Mahoning sandstone ; and is a double 
bed ; lis two members getting further and further apart as we 
go south, until they become separated by 15 or 20 feet of shales 
towards the Virginia line ; thus corresponding to the Upper 
and Middle Freeport of Jefferson county. 

The same uncertain identity attaches to the lower coal beds, 
and a discussion of it is here out of place. 

To the north of Connellsville, the Mahoning sandstone caps 
the ridge east of Mount's creek, and the lower coal beds outcrop 
on its east slope, facing Chestnut ridge, and in the valley of 
White's Mill run. West of Mount's creek the Barren Red 
shales occupy the base and the Pittsburg bed outcrops along the 
hillsides. Further north, at the head of Jacob's creek, Jackson 
found six coal beds in 350 feet of lower Coal Measures, thus : — 



Jacob's 
creek. 



Middle 
Barren . 
Meanures. 



Yellow shale, thickness unknown. 

Coalbed 3 

Yellowslate perhaps 20' 

Sandstone 50' 

Coal bed 0' 6" 

Olive shales, thickness unknown. 

Interval, nature and thickness unknown. 

Sandstone, coarse 30' 

Olive, yellow, sandy slates 30' 

Sandstone, micaceous 25 

Olive, yellow, black, slates 20' 

Goal bed, hard, brittle 1' 2" 

Yellow shales to water level. 

Interval, nature and thickness unknown. 



Lower Coal 
Measures. 
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Sandstone, Mahoning,* thickness unknown. 
Sandstone, micaceous, thickness unknown. 
Yellow shale, thickness unknown. 
Coal bed, (Upper Freeport) 3' 

Interval, nature and thickness unknown. 
Coal bed, (Lower Freeport) 30 

Interval, nature and thickness unknown. 124' 

Sandstone, coarse, over 12' 

Coalbed 1' 

.Blue, yellow shale, micaceous sandstone... 20' 

South of Connellsville, the Mahoning sandstone caps the 
ridge on the east side, and the Connellsville sandstone caps the 
ridge on the west side of Dunbar creek, which flows in the 
soft Barren Measures of red, yellow and olive shales with bands 
of micaceous flaggy sandstone, thin coal seams and limestones. 

The Lower Coal Measures crop out on the east side of the 
ridge facing the mountain. The Upper Freeport coal bed va- 
ries from three to four feet in difterent gangways, and has a 
four foot roof of j'ellow clay charged with plants ; sometimes 
dark blue slate. The Freeport limestone hich ought to ap- 
pear under it is not visible. A two foot coal, rich, soft and 
crumbling lies 93 feet under it. Another two foot coal bed 
lies 117 feet under the last ; and then follows the Conglomerate 
No. XII, without pebbles, merely a coarse, dark gray massive 
sandstone, 60 to 70 feet thick, making the rapids at Rotrock's 
Eddy two and a fourth miles above Connellsville, and thence 
rising in cliiFs on each side of the gorge to the summit of the 
mountain. Immediately under the cliiFs crop out the ore beds 
of No. XLf 

Mr. E. C. Pechin gives the latest and most circumstantial ac- 
count of these ore beds, five in number, and known (beginning 
at the top) as the Honey-comb ; 2, the Kidney ; 3, the Flag ; 4, 
the Big Bottom ; 5, the Hematite, and he describes them thus : 

Ores of XL 
Several small layers of not workable ore underlie the Conglom- 
erate, No. XII, and overlie the uppermost regular stratum: 
1. The Honey-comb ore bed, five to twelve inches thick ; cel- 

♦ This large solid stratum forms the high rocky spurs descending from ite 
mountain, between the head-runs of Jacob's creek. See Final Report, 1858, 
page 607. 

t The above is Jackson's report in Rogers' Final Report of 1858, p. 610. 
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lular ; but almost identical in analysis with the Kidney, but 
making the better iron of the two. 

A small coal bed six to ten inches thick, lies one foot under 
the Honey-comb ore bed, makes the mining of the ore easy, 
and suffices to roast both the Honey-comb and the Kidney ores 
at the pit mouth. 

Fire clay ten feet thick, underlies the coal ; and then comes : 

2. The Kidney ore bed in two solid and continuous plates ; 
the upper, one to two inches thick, and the lower, three to four 
(locally eight to ten) inches thick, separated by three feet of 
gnarled tough slate full of ore balls. The bed is but little 
wrought. 

Interval of twenty feet, unknown rocks, under which lies 

3. The Flag ore bed, eight to twelve inches thick, in a solid 
plate ; good at the outcrop, but growing siliceous in the hill ; 
"at 30 or 40 yards under cover -there is nothing more than a 
ferruginous sandstone." Once extensively stripped ; now aban 
doned. 

Interval of sixteen feet, unknown rocks, under which lies 

4. The Big Bottom ore bed, averaging 18 inches thick ; a dense, 
nard, protocarbonate ; in one, two or three layers, embedded in 
hard, tough blue clay, the whole, say five feet thick ; roof, the 
same clay, treacherous and costly to keep up ; over which lies 
six feet of fire clay ; floor, sandstone. 

The ore ground is quite irregular ; -thickening and thinning, 
with frequent rolls and faults. Sometimes the ore is found on 
both sides of a hill and not in the centre, (150 yards in.) "As 
long as the slate holds, the ore is found ; but when the fire clay 
comes down, it cuts out both ore and slate." * 

Interval, seventy to eighty feet, down to the Red shale of 
XI (Umbral.) In this interval — 

5. The Hematite ore bed has been found on the mountain, 
lying about 40 feet above the Red Shale of XI, and has been 
traced a considerable distance. It was at first supposed to be a 
surface deposit. But several test-holes 15 to 30 feet deep, 
proved that it was a regular layer of brown hematite, averaging 

*This sounds like the report of the miners, and such generalisations are 
seldom found to be exactly correct when carefully criticised by the experi- 
enced geologist. J. P. L. 
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thirty inches, and lying in a yellow clay. " It is authorita 
tively stated (says Mr. Pe.chin) that at an old charcoal furnace, 
some miles further up the mountains, a heading had been driven 
in 150 yards, the ore preserving its continuity throughout, and 
making an excellent iron. The partial analysis given below, 
(No. 1, on fine, dirty ore, and No. 2, on lump ore,) show a 
marked difference from any other ores in this section, contain- 
ing an exceptionally large amount of phosphorus, and very con- 
siderable manganese, which is practically unknown in our other 
ores." * 

The analyses of the Honey- comb. Flag and Big Bottom ores, 
are thus given : 

Honey-comb. Flag. Bis Bottom. 

Protoxide of iron 4.5 .634 48 .291 45 .274 

Sesquioxide of iron 2.057 trace. trace. 

Protoxide of manganese 0.000 0.000 0.000 

Alumina 2.740 0.542 3.445 

Lime 1 0.014 trace. 1.456 

Magnesia 1.678 0.973 1.464 

Silica 0.424 0.170 0.195 

Carbonicacid 29.745 30.583 30.322 

Phosphoric acid 0.068 0.143 0.170 

Bisulphide of iron 0.754 trace. trace. 

Combined water 0.042 0.021 0.029 

Hygroscopic, expelled at 100° C, 0.074 0.010 0.003 

Organic matter 1.324 1.131 0.947 

Ignited insoluble residue 15.568 17.548 16.700 

consisting of — 

Silica 10.844 13.410 11.046 

Alumina 4.240 1.372 4.697 

Sesquioxide of iron trace. . 107 .643 

Lime 0.034 1.804 0.264 

Magnesia 0.439 0.853 0.047 

Metalliciron 35.823 37.560 35.664 

The ores above described have been traced over one-hall of 
Pennsylvania, being first studied and described by Mr. J. T. 
Hodge, in his Reports of 1838-'9, around Ralston in Lycom- 
ing county, and thence south into Maryland and Virginia.f 

* Metallic iron, No. 1, 24.32. No. 2, 41.07. 

Protosesquiox. mang., 12.60. 8.77. 

Phosphoric acid, 1.27. 1.74. 

t From .7. P. Lesley's private report of 1865, the following description of 
the ore, as then worked, is taken : — 

At the Bear Wallow drifts, on the hrow of the mountain, overhanging the 
centre of the gorge, 980 feet above the bed of the river below, the bed of bluo 
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Limestones of XI. 
Immediately under the Red Shales of XI come the lime- 
stones which play so important a role in the subcarboniferous 
geology of our Southern and "Western States, and which are 
totally absent from Middle and Worth-eastern Pennsylvania, 
or only marked by a few nodular concretions. 

1. The U-pper Limestone ; a dark-blue fossiliferous stratum, 
20 to 30 feet thick, composed of layers separated by shales. The 
rock is siliceous at the outcrop, and not now used for furnace 
flux. 

2. The Middle Limestone ; in two plates six feet thick; com- 
pact, pea-green ; working well in the furnace. 

carbonate is 10 inches tiiiok. About 5,000 tons, in two years, were obtained 
from several gangways driven in blue-blacli shale under the cliffs of Con- 
glomerate. Its two outcrops descend to water level at the paper mill on the 
river, and to the old furnace on Dunbar creek. On the opposite bank of the 
creek the outcrop returns up the slope, three miles, to tlie top of the moun- 
tain ; and thus it zigzags, going south towards "Virginia, up and down, along 
the sides of Limestone run, Tucker's run, Elk run, and other waters drain- 
ing the great slope. Add to all this two miles of outcrop on the south brow of 
the river gorge descending into Ligonier valley, and two on Irishtown run, 
and we have flfteen miles of continuous outcrop of this bed of ore on the 
Dunbar furnace property alone. This will give some idea of the importance, 
as well as of the geology of these ore deposits. 

The ore has been stripped extensively around the head waters of Elk run, 
at elevations of 880 to 1,150 feet above the furnace. Kree's and Watt's in- 
cline-planes used to bring down the ore to tramways at their feet. The new 
tramroad up Irishtown run, one and three-fourtli miles long, reaches the out- 
crop at an elevation of about 600 feet above the furnace. Here, in a sloped 
face of 20 feet at the top, is seen a layer of ball-ore, some of tlie masses 12 
inches long by 4" to 5" thick ; arid at the bottom tlie three continuous layers 
of ore, (sometimes splitting into live,) always measuring about the same to- 
tal thickness of ore, two and a half feet. 

The top layer of the Big Bottom deposit is a hard, heavy clay-iron-stone, 
8" to 10" ; on 6" to 18" of nearly black fire-clay slate ; the middle layer a dark- 
blue, soft, argillaceous ore, looking like ferruginous fire-clay, on 4" of soft 
blue slate ; the bottom layer a hard blue carbonate of fine grain, apt to come 
away (like the top layer) in slabs or flattened nodules of large size, entirely 
contiguous to one another, on 12'' of slate. Floor, gray flag stone. 

Where there are five layers, the soft ore is still the principal layer, 12" thick, 
and the other four 6" or 7" each, 

These openings date back 40 j'ears, but were most worked in 1857 and '58- 
During the 60 years previous to 1865, there must have been 120,000 tons of ore 
taking from the numerous Irishtown run workings. 

The balls at the top of the stope face arrange themselves sometimes in two 
or three layers, and will yield variously from one and a half to five tons to a 
ten foot area ; whereas the bottom ore will yield one and a half to two tons per 
square yard of stripping. 
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3. The Lower Limestone ; one plate six feet thick ; silicious ; 
Mr. Pechin gives the following analyses of these beds : 

1. 2. 3. 

Carbonate of lime 74.89 87.69 70.68 

Carbonate of magnesia 2.03 2.76 0.52 

Sesquioxide of iron 2.03 

Oxide of iron and alumina 1.13 1.84 

Silica 15.02 

Alumina 5.26 

Insoluble matter 7.46 26.32 

Water and loss .64 .96 .64 

Phosphoric acid .13 

Phosphorus seems confined, therefore, to the upper plates, 

which contain an abundance of animal remains.* 

Catskill Rocks. 

The Catskill Gray Sandstone, No. X, forms the arch of cliffs 
next below the narrow shelf or terrace of XI, on both sides of 

*The "Mountain Limestone" of No. XI, above described, has been quar- 
ried not only on Chestnut Ridge but on Laurel Hill, and on the Allegheny 
mountain, in Somerset county. Mr. Young's report of it (1875) around Con- 
fluence and Ursiua, is to this effect : 

In Addison township, six and a half miles south-east of Confluence, J. M'- 
Cartney's new quarry shows four feet (" 18" feet in another place) of green- 
ish and sometimes reddish rock, highly fossiliferous, making a much es- 
teemed lime. It lies on at least twenty feet of flaggy sandstone. Under this 
lie "18" feet of calcareous sandstone, (used for macadamizing the National 
pike.) Under this lie 20 feet of sandy limestone, making poor lime. None 
of the other quarries in Addison township, seem to be on the Upper or Fossil- 
iferous beds. One of them is at the base of a hill 300 feet high, the top of 
which is covered with pieces of supposed Conglomerate No. XII. 

Seven miles north of Confluence, on Laurel Hill, and in Faj'ette county, is 
a cliff of flag stone, (15 feet ;) 50 teet under which, lie two feet of limestone 
in thin layers, interleaved with olive shales crowded with fossils. The next 
lower five feet of limestone is also verj^ fossiliferous. The red and green 
shales of XI, occupy the next 150 feet, (by barometer,) and under them lie 
five feet of greenish, grey, compact silicious limestone. 

At the summit of the Allegheny mountain, one and a half miles south of 
the Clay pike, are seen — 

Red and green shales of No. XI. (Umbral) 160' 

Limestone, /osiih/erous; interleaved shales 20' 

Shales 20' 

" Red marble" 10' 

Interval, concealed ] 50' 

Hard blue sandstones of No. X. (Vespertine or Gray Catskill.) 
The western slope is covered with blocks of XII. But none are to be seen 
on the eastern slope ; showing how complete has been the erosion caused 
by the dissolution of these limestone and shale outcrops. 
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the gorge of the Youghioghcny through Chestnut ridge ; the 
lower steeps and talus being made by the Catskill Red Sand- 
stone, No. IX, in which none of the fish remains have yet been 
found which characterize this remarkable " Old Red" Forma- 
tion all through the northern states ;* as will be described in 
the Reports of Progress for 1875, by Mr. Carll and Mr. Sher- 
wood. If search were made among the fallen pieces in the 
middle of the gap, where the lowest rocks come up on the 
crown of the arch, the whitish pasty coating of fish-bone tis- 
sue, or perhaps head plates, teeth or fin-spines, would be dis- 
covered.f 

The Catskill Gray Sandstone 'So. X, in the gorge is really 
a pebble rock, or true conglomerate ; which the Conglomerate 
proper, No. XII, is not. This is a noteworthy fact, having an 
important bearing on the geology of the Coal Field far into 
Ohio, and agreeing with the recent doubts thrown upon the 
identity of the Ohio Conglomerate with that of Middle Penn- 
sylvania. 

No. IX is 1,000 feet thick in Bedford and Somerset counties, 
60 miles to the eastward, but is known to thin westward, and 
may not be more than half that thickness under Connellsville. 

Chemung Hocks. 

The Olive Sandstones of No. VIII, the Chemung Formation 
of the north, does not appear above water level in the gorge of 
the Toughiogheny. The centre line of the flattened arch of 
the mountain crosses the river half a mile below the lower salt 
well, just under the old Bear Wallow ore drifts ; and the gorge 
of Elk run at or a little below the steam saw-mill ; the salt 
well standing 500 feet lower than the saw-mill. 

The Chemung Oil Sands, if present, must lie but a few hun- 
dred feet beneath the river bed in the gap. Two salt wells 
have been bored, which must have penetrated the Chemung 
Oil Rocks. Tradition says oil was found m both, and it is 
even asserted that one of these old salt wells was abandoned 
because of the quantities of petroleum which issued along with 

* See also Hugh Miller on the Old Red of Scotland. 

f See Dr. J. S. Newberry's descriptions, in his Geology of Ohio, Vols. I 
and II. 
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the brine. The depth of these old wells is not known, but it 
is thought that neither of them is more than 300 feet deep. 
As considerable quantities of oil have come up through some 
of the old salt wells of Westmoreland county, and as the West 
Virginia Oil Field has yielded largely, there seem to be no 
strong reasons to urge against the supposition that oil sand 
belts may be discovered in Formation VIII, at depths varying 
from 2,000 to 4,000 feet beneath the Youghiogheny Coke Ee- 
gion. It is even possible that the coke manufacture may have 
a gas-fuel future before it. 

IToTE. — Recent studies of the Upper Kenawha valley by Pro- 
fessor Fontaine, of the W. Virginia University at Morgan- 
town, have greatly aided in clearing up our ideas of the com- 
posite nature of the Serai Conglomerate, No. XII. He finds it 
there made up of a top gravel bed and a bottom gravel bed, 
with a whole system of intermediate coal measure shales, clays 
and coal beds. These he proposes to call the Inter-Covglomer- 
ate Coal Bieasiires, a very good name ; or, the New River Coal 
Measures, New River being the name of the upper part of the 
Kenawha. This last designation is, however, not admissible, 
because it is already occupied for a still older Coal Measures in 
Montgomery county, Va., underlying the Red Shale of XI. 

Prof. Fontaine's Conglomerate is 1,200 feet thick, coal and 
all. No. XII is just that thick at Pottsville, without any coal 
beds- But heavy coal beds appear in it at Lykens Valley, and 
Shamokin in the Anthracite Field. The Sharon Coal Series 
of North-western Pennsylvania (the Block coal of Ohio) seems 
to be also locked up in the Conglomerate. In the chapter just 
closed it will be noticed (page 26 L, 27 L, above) that with the 
ores a small coal bed occurs, and others might be found in the 
intervals. — [J. P. L.j 
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CHAPTER III. 

The Coal Measures of the Connellsville Basin in West Virginia. 

The following generalized section of the Coal Measures south 
of the Virginia State line, is taken from Prof. J. J. Stevenson's 
naemoir published in 1872, by the American Philosophical So- 
ciety, at Philadelphia, in its transactions, second series, Vol. 
XV, Article 2. 

It is given a place here for comparison with what has been 
stated in chapters I and II above, and as a succinct and au- 
thentic guide to the rocks of the Connellsville Coal Basin. 

Upper Productive Coal Measures. 

{Monongahela River Series.) 



\. 




Mean thickness. 
.30' to 40' S.l' 


2. 
3. 


Shale 


1' to 15' 

6' to 9' 




4. 


Sandstone 


15' "1 




5. 


Shale.. 


8' 




6. 
7. 


Limesto7ie (a) 


5' 

20' 




8. 


Liviestone and shale 


30' 




9. 


•Sandstone and shale 


35' 




10. 


XiiTnestone 


6' 


\ 195' 


11. 


Sandstone 


15' 




12- 


Limestone 


7' 




13. 


Sandstone 


... 10' 




14. 


Limestone 


8' 




15. 




23' 




16. 




r to 25' 




17. 
18. 


Sewickley Coal Bed (6) 

Shale 


41 to 6' 

5' to 8'") 




19. 


Limestone 


9' 




20. 


Sandstone 


4' to 10' 


y 45' 


21. 




22' 




22. 


Redstone Coal 3ed (c) 


4' to 5' 




23. 




I'l 




24. 


Limestone 


12' 




25 


Shale 


5' to 12' 




^6. 

27 


Sandstone (d) 

Pittsbura Coal Bed ■ 


0' to 35' 

7' to 14' 


\ 40' 


28. 


Fire-clay 


3' 













(a) Prof. Stevenson in this memoir calls all the limestone beds below the 

3— L. 
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Waynesburg Coal, '• Pittsburg Limestore," making 100' of limestone in 350' 
of measures; but he has seen good reasons for assigning this name distinc- 
tively to the limestone beds between tlie SewiiMey and Redstone Goal beds, 
in his Report of Progress on Washington and Greene counties, 1875. — All the 
limestones are non-fossiliferous in this region. 

(6) Sometimes divided by a layer of cannel coal, 2" to 6" thick. 

(c) The clearest and purest coal in the basin, but neglected on account of 
the proximity of the Great Pittsburg Coal Bed. 

(d) This sandstone which Mr. Stevenson calls the "Pittsburg Sandstone," 
crops out over the coal, for at least thirty miles along Chestnut ridge in West 
"Virginia ; but thins to nothing west of Morgan town. 

(e) Protooarbonate ore, called locally "Olyphant Blue Lump," because 
worked by Mr. Olyphant, at Fairohance furnace, Uniontown, Fayette county. 
Pa. The deposit does not spread north of Fairmount. 

(/) This good coal has sometimes been worked, where the owners were 
quite ignorant of the close neighborhood of the Pittsburg Bed. 

((?) Contains large nodules of iron ore but not enough to mine. 

(/j) Same as at Pittsburg. The upper part has a curiously shattered look 
where exposed, due to the decomposition of nodules of impure iron ore. 

(i) A curious stratum of limestone, sandstone and iron ore fragments, va- 
rying in size from a grain of sand to a man's head, usually rounded, as if by 
currents during deposition. Thin layers of homogeneous sandstone or shale 
may be traced to a considerable distance ; and at one point there is a layer 
of iron ore one foot thick. The extent of this Conglomerate is unknown, but 
Mr. Stevenson doubts its existence west of the Monongahela river. It seems 
impossible to derive its materials from anywhere but the anticlinal range 
of Chestnut ridge. But if so, then the limestone fragments ought to be 
carefully compared with specimens from No. XI, and from the Lower Pro- 
ductive Coal Measures. Were they of No. XI, the conclusion would be in- 
evitable, that the Ridge was elevated and deeply eroded long before the 
Pittsburg Coal Bed was laid down. Our present knowledge seems to forbid 
such an idea in the most absolute manner. 

(j) Locally important east of the Monongahela. Slaty; impure cannel; 
sometimes "distinctly conchoidal, and of the color of lignite ;" sometimes 
resembling the Grahamite of Ritchie county. West Virginia, or the Alber- 
tite of New Brunswick, to a wonderful degree. Ignites slowlj', lasts longer 
and produces an intense heat, giving off not enough soot to coat the pipes ; 
contains a considerable amount of free sulphur; ash bulky, light, no cinders. 
Many horse-backsand mud seams in the bed. This bed corresponds signally 
to the large Barton bed of the Cumberland Coal Field; for the Barton lies 
180' below the Pittsburg bed, and 200' above the Upper Freeport. See Tj'- 
son's section, corrected by Mr. Jones, in 1875. 

(J) An interesting group here, is thus described : 

Shale, calcareous, blue, gray or black 3 

Shale, dark, with many small iron ore nodules 12 

Calcareous nodules 1^ 

Shale, olive 4' 

Shale, brown, (not a persistent layer) 6' 

All except the brown shale, are richly fossiliferous, and the following Is 
Prof. Stevenson's list of recognized species: 

Hemipronites crassus. 

Ohoneies Smii/iii ; C. granulifera. 
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Lower Barren Group. 
{Barren Measures.) 



1. 

2. 


Shale with iron ore (e) 

Limestone 


Mean thlcl 

14' 

2' to 4' 

11 to 2' 

3' 

25' 

8' 

3' 

i| 

22' 

18' J 

11 to 2' 

10' to 25' 

i' to 11 

8 1 

10' 

3' 

12' 

40 

0' to 6' 

15' 

31 to 4' 

3311 

1' to 4' 

2' to 4' 

24', 

§' to 11 

5'1 

20' 

10 to 20' 

10' to 15' 


cness. 
17' 


3. 
4. 
5. 


Goal Bed (/) 

Shale 

Connellsville Sandstone 


6. 


Shales 




7. 


Limestone 




8. 


Shale with iron ore 


86| 


9. 


Limestone 


10. 
11. 


Shales and shaly sandstone (^g), 
Limestone 




12. 


Shale ; 




13. 


Coal Bed 


17 


14. 
15. 


Morgantown Sandstone 

Coal Bed 




16. 






17. 


Shales, olive 




18. 


Limestone 




19. 


Shale, olive 


■ 90' 


20. 
21. 


Sandstone (/j) 

Conglomerate (i) 


22. 


Sandstone 




23. 


Barton Coal Bed (j) 




24. 
25. 


Shales and some sh. ss 

Sandstone 




26. 
27. 


Shale, Calc. fossil (i) 

Shale, Pari, fossil (?) 


> 60 


28. 


Mk Lick ? Coal Bed 




29. 


Limestone '. . 




30. 
31. 
32. 


Shales, varigated, ferrug. (m)... 

Sandstone 

Shales, with iron ore (re) 


i. 65' 



Productus Nehrascensis ; P. Prattenanus ; P. semi-reticulatus, {here,proba- 
hly identical with the American variety of P. costatus.) 
Orthis carbonarea. 
Athyris subtilita. 

Spirifer planoconvexus ; S. cameratus. 
Lima rctifera. 

AviculopccCen carbonarius : A. occidentalis. 
Nucula parva; N. ventricosa; N. (?) anodontoides. 
Nuculana bellistriata. 
Yoldia carbonaria ; Y. Slevensoni. 
Edmondia Aspenwalenais. 
Astartella concentrica. 
Macrodon obsoletus. 
Solonomya radiata. 
Macrochcilus primigenius ; M. ventricosus. 



• Undetermined Species. 
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JEuomphalus rugosus. 

Bellerophon Montfortianus ; B. percarinatus ; B. carbonarius; B. Steven- 

sanus; B. Meekianus. 

Pleurotomaria Grayvilliensis. 

Orthocerax cribrosum. 

Nautihis occidentalis, 

Petalodus AUeghaniensis. 

Myalina, 

Pleurophorus, 

Edmondia, 

Deltodus, 

Lophodus, 

Clcnoptychius, 

Fish teelh, very rare. 

Crinoidal stems, ) . f„„, „„„„ ,i„ ,„„ 
' \ A. few near the top. 
Bryozoans, ) 

Fossils are found not in very good condition in several good exposures 
along Decker's creek. 

Excellent preserved specimens of nearly all the above species can be gath- 
ered in Mr. Williams' ravine, five miles north of Morgantown. 

Note. — Here a small variety of Choneies granuHfera entirely replaces C. 
mesoloba which does not occur. 

Some of these species are dwarfs ; most of them are smaller than in the 
west. See also Mr. F. B. Meek's Report to the Regents of West Virginia TJni 
versity, 1870. 

(m) Two layers of iron ore : — Upper layer nodular, not enough to mine; 
lower laj'er irregular, moderately good, occasionally calcareous; averages 
about 6" inches. Both layers sometimes disappear suddenly. 

(m) An irregular band of low grade nodules near the bottom of the mass ; 
but used to be mined for mixing at Decker's Creek Old Furnace. 

(o) The Mahoning sandstone, is for the most part, a massive rock, with al- 
ternating coarse and tine layers, the former sometimes conglomerate, and 
the latter overlying them pitted on the other side as if with rain-marks. 
Sometimes it is flaggy. There are also good quarries of building stone yield- 
ing blocks 6' to 8' thick. Indistinct vegetable impressions are not infrequent. 
Four miles south of Morgantown, it makes bluffs of 75 feet in height, weath- 
ered into large rounded cavities, or strangely honey-combed. 

(p) Under the Mahoning sandstone on Decker's creek, near Morgantown, 
a dark shale, 12' thick, contains, near its middle, a band of nodular iron ore 
about 2' thick, holding an interesting group of fossils, of which the following 
are most numerous : 

Lophophyllum proliferum. 

Zeacrinus mucrospinus. 

Ersoerinus. 

Cyathocrinus (?) 

Hemipronites crassus. 

Productus Nebrascensis* ; P. Prattenamis.* 

Athyris subtilita*. 

Aviculopecten carbonarius* ; A. Hertzeri. 

Nucula ventricosa*. 

Nuculana arata. 

Yoldia carbonaria*. 
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3. Uppcr Freeport.CoalBed 

S. Middle (PIFrceport Coal Bed 

7. Lower(?)Freeport CoalBed ]' 

10. Ferriferous Liine3tone4'to5 



12. Coal SH 
14. Coal 5"to3 



^ahoniii6 S.S 



1 9 . Mi; Savac e Coal 1 V^ 

Shale 4' ^ 

20. MT Savace COAL I'l 




ilbmerote No.XlI. ''4-J-' 
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Limestone Zto 
COAL Bed rto2 
Shale 3' 

7. LimeatoTie 5' 
9 . Lime stone 

M.Xiimeatone l>i 

I J.Coal Bed iiitoS 



I5.COAL BEoJS'tolJ'A 

iS.Ximestuiir 8' 
1 8. Li me stone 3' 



23 Barton Coal Bed 3><to4' 




ATMorgajpTtowPn ^. j^l^g^S/ 




Calc. Shale, Fosail ato-4',,^?rti»fciSi^i.^^ jgi^gEE^^ii:^?^^ 
28,ELKU=..coAL^BEoJ*toi/s ^>g;gjFrF Tf:- , .?>r-./: ,. ^||^^--sr_7' 

^~ 8.S . luto ao'^ "7* ^'^^^~'/y. 



29. Liuieetone' 
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Lower Productive Coal Measures. 
Allegheny River Series, 

Mean thickness. 

1. Mahoning Sandstone (o) 75') o,, 

2. Shale (p) 12' i 

3. ( Upper Freeport ?) Goal Bed (q) 1 J 

4. Shales 1' to 25' 12' 

B. {Middle Wreeporl 1 ) Goal Bed (»•) 4' to 5' 

6. Shale 10' 10 

7. {Lower Freeporl 1 ) Goal Bed (s) 1' 

8. Sandstone 5'") 

9. Shale 10' 

> 50 

10. Ferriferous Limestone (t) 4' to 5' [ 

11. Shale 30'J 

12. Goal Bed 3|' 

13. Sandstone and shale 20' to 30' 25 

14. Goal Bed (m) 3' to 3' 

15. Shale 15' to 20' j 

16. {Piedmont) Sandstone {v) 25' to 30' > 70' 

17. Shale 25') 

18. , Coal Bed, 1= 

19. ML Savage ) Shale, i (n>) 4' 4 

20. ( Goal Bed,) 1' 

21. Shale (a;) 10' 10' 

22. (Sebai.) Gonglomeratb, No. XII, (y.) 



Astartella concentrica*. 

Maerocheilus primigenius*; M. ventricosus*. 
Folyp/iemopsis peracutus. 
Enomphalus rugosus*. 

Bellerophon Monlfortianus* ; B. carhonarius*; B. percarinatus*. 
Pleuroiomaria Oreyviiliensis*; B. speciosa; P. carbonaria ; P. {?) tumi- 
a ; and others undetermined. 
Orthoc.eras cribosum*. 
Phillip'sia Sangamonensis. 
Mvahna*, "l 
Schizodus, 

AUorisma, } Undetermined Species. 
Nautilus, I 

Beltodus*, ) 

Note.— Those marked * are found in the list given above in note («). 
On Booth's and Coburn's creek, this shale under the Mahoning sandstone 
dwindles to a black band 4" (inches) thick, overlying 20' (feet) of thinly 
laminated shale containing numerous fragments of 
Neuropteris, 
Sp/ienopteris, 
Annularia, 
Sphenophyllum, 
and is not considered by Prof. Stevenson as a persistent stratum in Ohio or 
Pennsylvania, (i. e. across the Virginia line.) 
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(g) A good 15" coal bed underlies this shale on Decker's creek, but does 
not appear on Booth's creek j but is 3' thick on the Baltimore and Ohio rail- 
road, south of Fairmount. 

(r) This is the important and persistent bed of the group. On Tibb's run, 
it is overlaid by a conchoidal bituminous shale, (cannel, poor,) sometimes 
mined with coal, which is friable. 

This coal bed immediately underlies the Mahoning sandstone at W. Howell's, 
seven miles from Morgantown, and is nearly 8' thick, divided by two thin 
clay shale partings into three benches. In the shales under the coal, fine 
fossils may be got by breaking nodules of iron ore. 

(.s) A very local coal bed. 

(t) The Ferriferous limestone is frequently double ; divided by several 
feet of shales. Towards the top it contains cavities with oohre, is very ferru- 
ginous, and has been mined as calcareous ore at one or two localities. It 
spreads for twenty miles south of the Stiite line, but is not seen on the Balti- 
more and Ohio railroad, south of Fairmount, (Nizum's mill.) It is used for 
flux near Morgantown, and should be extensively burned by farmers. 

(u) Called Brookville Coal Bed by H. D. Rogers. Called locally " Black- 
smith's Vein," because free from pyrites, and friable. 

(d) Instead of calling this the Tionesta sandstone, as Prof. Stevenson has 
provisionally done in his memoir, merely to suggest its relationship to No. 
XII, and the rocks of north-western Pennsylvania, the name Piedmont may 
be used with advantage. For this is the great " upper member" of the basal 
formation of the Productive Coal Measures, which marks the Cumberland 
Coal Basin with ranges of cliflf's along the Potomac and its branches. It might 
be called the "Cumberland sandstone," were not the name "Cumberland" 
given not only to the Maryland Coal Field, but the Lower Silurian Valley 
of Middle Pennsylvania, and to the range of the Allegheny mountain in 
Virginia and Tennessee. " Piedniont" is as noted a place on the Potowiac, as 
Connellsville is on the Youghiogheny, and the cliffs of this great sandstone 
surround the place. 

It may be a long time before we can prove that the sandrock of the Tio- 
nesta valley, in M'Kean county, Pennsylvania, is this Piedmont sandstone. 

Prof. Stevenson describes it as varying in texture from moderate coarse 
conglomerate to fine grained sandstone. On the Baltimore and Ohio rail- 
road it weathers in huge chambers. The compact layers are very refractory 
and have been used for furnace hearths. A small coal bed (3" to 4") occurs 
in this rock on Decker's creek. 

Mr. Howard Grant Jones, in a memoir on the Cumberland Coal Basin in 
1875, says : " The most prominent feature is the sandstone lying over the 
"three feet" seam of coal already referred to as lying upon the Conglom- 
erate proijer at Piedmont. 

" This rock has been alluded to as the " Upper Conglomerate." In places 
it Is found somewhat conglomerate near the base, but in general, it outcrops 
as a pure, hard, coarse, gray sandstone, changing sometimes to yellowish red. 
We have seen it between Piedmont and Bloomington, disintegrated, in bro- 
ken slabs of a dirty ferruginous color. 

" In the northern part of the basin, on the Pittsburg and Connellsville rail- 
road, this sandstone is 30' to 40' thick. Under it is a 3' coal, with a tire-clay 
floor of 8' to 9', on shales and thin sandstones. The Mt. Savage fire-brick is 
made from clay from this bed 200' up the mountain side. South of Pied- 
mont, the vertical outcrop of this sandstone makes a wall 60 feet high ; some 
admixture of shale is noticeable. The whole is one mass, substantially a 
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gray coarse sandstone, a little Ironstaiued, with a cubical cleavage. Further 
up the Potomac, on the north side of Lost Land Run, tliere is a floor of this 
sandstone, split into immense cubes, in position, but separated by vertical 
fissures from one to two feet wide and 30' to 40' deep, the surface clothed 
with vegetation, a dangerous labyrinth of pit-falls. Further' up the river, 
the probable thicliness of No. XII, is 60' to 80'. 

"No. XII, where Stony run enters, forms the bed of the Potomac, and its 
floor is studded with pebbles the size of a pigeon's egg. 

" The base of the Coal Measures, (Mr. Jones resumes,) always presents 
the features of a bold, coarse, white or reddish sandrock, towering above a 
broken mass of Conglomerate, and running like a great white wall along the 
base of the hill slopes." 

(w) This is the coal bed whicli lies at water level of the Potomac under 
Piedmont, in Allegheny county, Md., in the Ciimberland Coal Basin, and 
the lire-clay of which Is worked at Mt. Savage. Near Morgantowu it is sepa- 
rated by 4' (feet) of sandstone into an upper group of thin layers : — 



Coal 


....; 8" 1 




Shale 


4' 




Coal , . . . . 


11" 




Shale 


2" 


1' 9k" 


Coal 


1" 




Shale 


1" 




Coal 


4" J 




and a lower bed of good solid coal 1' thick. 


On Booth's creek only one bed 



is seen (18"). AtNizum's mill, on the Baltimore and Ohio raijroad, the bed 
is seen 3' thick, thinning to nothing over a thickening tire-clay floor. 

(x) Two bands of persistent iron ore, impure, extensive deposits overlie 
the shale at Nizum's mill. See for these ores Prof. W. B. Rogers' Pridevale 
Iron Works Report. 

(y) The Great Conglomerate is nowhere measurable in the Monongahela 
region, the gaps and ravines being tilled with its immense fragments, some 
of which must weigh a thousand tons. Its quartz pebbles are often three- 
quarters of an inch in diameter; but some of its strata are finegrained. Mr. 
Stevenson estimates the total thickness of No. XII, on the Monongahela, in 
W. Virginia, at about 350 feet. 



40 L. F. PLATT, COKE REPORT OP 1875. 



CHAPTER IV. 

CONNBLLSVILLE COKE TRADE. 

The region in which the Pittsburg Coal Bed is opened and 
worked for coking purposes, and from which the famous Con- 
nellsville coke is shipped, has been examined from the new Fair- 
chance Iron Works, six miles south-east of Uniontown, Fayette 
county, to the farthest openings and ovens to the north-east at 
Spring G-rove station, Fayette county. All the openings in 
this whole distance, making in all a basin thirty miles long by 
an average of three miles wide, have been carefully examined by 
Mr. Young, and the facts in reference to them will be given in 
detail. The appended map (Plate VI) compiled from the county 
.maps, shows the position of these mines and ovens, and gives 
the outline of the basin. The key-list of mines and companies 
enables the geographical position of any of the works to be 
easily located. 

It is not necessary to give sections of the different exposures 
of the Pittsburg Bed, though the thickness of the coal and any 
features of geological or practical importance will be noted in 
each case. Speaking generally for the region, the Pittsburg 
Coal Bed in this Connellsville Coke Basin is a magnificent bed, 
ranging from eight to eleven feet in thickness, with one small 
slate, the " bearing in slate" eighteen inches above the floor. 
The roof is good, the floor even and quiet, and the coal of re- 
markabljr good and uniform character 

All discussions of character of coal, &c., will be included 
under the Chapter on Coking, where they properly belong. 

Fayette County Branch of Pittsburg and Connellsville railroad. 

The new Fairchance opening of Mr. Oliphant is on the Pitts- 
burg Coal Bed, six miles south-east of Uniontown. The furnace 
was not yet quite completed September, 1875. As the railroad 
now stops at Uniontown the works are not connected with 
the railroad system, though a road has been graded from Union- 
town up to and beyond the furnace, but the iron has never 
been laid down. 
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The coal and underlying iron ore at Olipliant's mine show as 
follows : — 

Fig. 3. 



Pittsburg coal . 



Clay and slate 

Blue lump iron ore 

Slate containing 2" of flag 

ore 

Big Bottom ore 




10' 0" 



2' 6" 
1' 0" 



3' 0" 
10" 



On the line of the Fayette branch of the Pittsburg and Con- 
nellsville railroad, Messrs. Ewing, Boyd & Co., have their coke 
ovens at Lemont station, three miles north of Uniontown. 

The coal bed and iron ores show thus : 

Slate roof. fig. 4. 



Coal. 

Slate. 
Coal.. 



Slate and unseen measures 
Iron ore reported 




6' 6" 

1" to knife edge. 
3' 0" 



4' 6" 
1' 8" 



There are one hundred and seven Beehive Bank Ovens, with 
material on the ground for thirty to forty more. The ovens are 
one-half 12'X6', and one-half ll'X6'. 

One hundred bushels of coal are charged into an oven. None 
of the gases are utilized either here or at any other coking es- 
tablishment in the region. 

The coal is roasted for forty-eight hours, except the Friday 
and Saturday charges, when an extra amount of coal is charged 
and the roasting is continued for seventy-two hours. 

There is a decided increase in bulk in coking ; 100 bushels of 
coal yielding an average of 120 bushels of coke. With the coal 
at 76 pounds and coke at 40 pounds to the bushel, the yield of 
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pounds of coke to pounds of coal is 63 per cent, or as it is com- 
monly and conveniently stated in figures, 13 to 8. The works 
employ in all eighty-five men. 

Messrs. F. H. Frost & Son are operating at Frost Station. 

They mine the Pittsburg Coal Bed in its full thickness, and 
with its regular roof and floor. The mine is worked for lump 
coal, of which ten to fifteen cars a day are shipped to Connells- 
ville for use on the Pittsburg and Connellsville railroad. Thir- 
ty-six men are emploj'ed at the mine. 

There are twelve Beehive Bank Ovens, charged with mine 
slack ; the amount of charge being the same as at the other 
works. 

The coal is roasted for twenty-four hours, the time being in- 
creased for Friday and Saturday coke. 

Messrs. liogsett, Watt & Co. are operating at Mt. Braddock 
station. 

The Pittsburg Coal Bed is worked. The mine gives the fol- 
lowing section of the bed : — 

Coal left in roof. Fig. 5. 

Coal 

Slate S^^SS 1" 

Coal 

Fire-clay floor. 

There are some horseback and clay veins, but none of any 
consequence. But seven feet of coal are mined ; the top slate 
forming but a poor roof, and coal being left for roof. The 
mine produces 180 tons of coal daily. 

There are one hundred and twenty-seven Beehive Block 
Ovens, in size ll'XSJ' The charge is one hundred bushels, and 
one hundred and seventeen bushels on Friday and Saturday. 
The coal is roasted for forty-eight hours, except the Friday 
and Saturday charges, which yield seventy-two hour coke. 

The production is 6,300 bushels daily, and an additional 945 
bushels per diem (2 days) for the ovens charged on Friday and 
Saturday. 

ISo coal is shipped from the mine, all of it being used in the 
ovens ; and the coke is shipped to "Wheeling, St. Louis, &c., and 
as far as Salt Lake City. 

Eighty men are employed in all, in the mine and coke yard. 
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Messrs. Hogsett, Beal & Co. are located at Ferguson's station, 
one mile north of Mt. Braddock. 

They work the Pittsburg Coal Bed, ten feet thick, but of 
which only seven feet are mined the balance being left in the 
roof. Small bone coal in roof and floor. The mine gives this 
section : — 

Slate roof. Fig, 6. 

Bony coal ^^HHnBHB 2" 

Coal HMH^^^^I 6' 10" 




Slate WjBMBjM mM 3" 

Coal IKBaMfflMM '"!'!"■ "" 2' 7" 

Bony coal i^^^^^^^H '. 2" 

Fire-clay floor. 

There are seventy Beehive Bank Ovens ; the charge being 
the same as the averaare. 

The ovens are run on forty-eight hour coke, with the seventy- 
two hour coke of Friday and Saturday charges. The produc- 
tion is 4,500 bushels daily, and the works supply Dunbar Fur- 
nace. 

Messrs. Paull, Brown & Co., are operating one mile west of 
Dunbar furnace. 

They mine the Pittsburg Bed of Coal, nine feet thick, with 
the usual bearing in slate three feet above the floor. Seven 
feet of coal are mined. 

There are one hundred Beehive Block Ovens, in two rows ; 
the production from which is 6,000 bushels daily for four days, 
and 7,000 bushels daily for two days. The coke is shipped to 
Youngstown, Ohio. 

Messrs. Henderson & Co., are operating half a mile north of 
this last place. They work the Pittsburg Bed, nine feet thick, 
and take it all irom top to bottom. The small bearing in slate 
is in its usual place. 

There are seventy Beehive Bank Ovens, 12' X 6', and they are 
charged and worked as is usual with these Beehive ovens. The 
ovens yield 4,200 bushels for four days, and an increased yield 
for two days. The coke is shipped west. There are thirty-seven 
men employed in all in the mine and coke yard. 

Messrs. "W. T. Watt & Co., are operating at "Watt's station. 
They mine the Pittsburg Coal Bed, ten feet thick, showing 
here the following section: 
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Fiff. 7. 



Coal in roof. 

Coal 

Very thin slate. 

Coal 

Non-persistent slate. 

Coal 

Fire-clay and concealed 
measures 

Iron ore reported. Thick- 
ness unknown. 




4' a 



2' 0" 



8' 0" 



reported. 



There are sixty Beehive oveus, in size 11 J' X 5 J'. They are 
charged and worked as usual, and produce 22,800 bushels of 
coke a week, most of which is shipped to Ohio. Fifty men 
are employed. 

The Connellsville Gas Coal Company operate at Fayette 
station. They work the Pittsburg Coal, nine feet thick. 

There are one hundred Beehive Bank Ovens, in size 11J'X6', 
charged and worked as usual, and yielding 36,000 bushels of 
coke ever}' week. One hundred men are employed. 

The table below gives the main facts in the above works : 
Resume of Coke Works on Fayette County branch of Pittsburg and 
Connellsville Railroad. 



NAME OP FIRM. 


1 
2. 

O 
< 

CD 

00 


Kind of ovens. 


° S 


O CD 
Cm 

: 3 

• a 

: 3 


Where shipped. 


Boyd, E wing & Co 

Hogsett, Watt & Co. . . 

Hogsett iS; Beale 

PauJl, Brown & Co 

R. Henderson & Co . . . 
W. T. Watt & Co.... 
Connellsville Gas Coal 


107 

127 

70 

100 

70 

60 

100 

634 


Beehive bank... 

Beehive block. . 

Beehive bank.. . 

Beehive 

Beehive bank. . . 
Beehive bank... 

Beehive bank. . . 


38,000 

39,700 

28, 800 
33, 000 
26, 600 
22, 800 

36, 000 


85 

80 

40 
50 
37 
50 

100 


Chicago, St Louis, 

and west. 
Wheel'g.SaltLakt, 

City, Omaha. 
Dunbar Furnace. 
Youngstown, O. 
West. 
Ohio. 
St. Louis.Salt Lakb 

City, Johnstown. 




Total 


224, 900 


442 





South-west Pennsylvania Railroad.. 

On the line of the South-west Pennsylvania railroad, near 
Connellsville, the Pittsburg and Connellsville G-as Coal and 
Coke company, Mr. John F. Dravo, agent, are operating largely. 

The Pittsburg Coal is mined nine to ten feci in thickness, of 
which seven to eight feet are taken out and all coked. 
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There are two hundred and fifty-three Beehive Bank Ovens, 
m size 11|' X 6'. The usual charge at these ovens is one hundred 
and ten bushels of coal ; and the coal is roasted for forty-eight 
hours, except the Friday and Saturday charge, which is roasted 
seventy-two hours. These ovens produce one hundred and twen- 
ty-two cars of coke weekly. Each car averaging 625 bushels, or 
76,250 bushels of coke weekly. 

Some of the coke is shipped to N'ewcastle ; some to Johns- 
town, but the larger part of it goes to Etna station, on the 
West Pennsylvania railroad. Jfinety-two men are employed. 

John Moyer was building, September, 1875, forty Beehive 
Bank Ovens, of the sizellJ'XG'. 

A mine was then being opened on the Pittsburg Coal Bed. 

Messrs. Dillinger, Sherrick & Co. are operating at Ponnsville sta- 
tion. The Pittsburg Coal Bed is worked, nine feet thick, with a 
slate binder at four feet above floor. Eight feet of the coal are 

taken out: m^. s. 

Black slate. 

Coal with bands of fire-olay^^^^^^MB 4f 

Fire-clay shale ^^^^^^^^1 1' 6" 



Coal. 




Slate binder ^^^HHBi Thin. 

Coal 

Fire-clay floor. 

Bank ovens, in size 11J'X6'. The charge is four wagons to 
each oven, or one hundred and forty wagons daily. The ovens 
are worked as usual, and yield 4,800 to 5,400 bushels of coke 
daily. Forty-two men are employed. 

Messrs. Willson, Boyle & Playford are operating at the Valle}^ 

coke works. Valley "Works station. They work the Pittsburg 

Coal Bed, averaging nine feet in thickness, but in some places 

running as high as eleven feet. 

Mg. 9. 
Slate roof. 

Coal ^^^^H 4' 0" 

Slate parting. 




Coal ■■^^H S' 0" 

Fire-clay floor. \ 
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There are one hundred and two Beehive Bank Ovens, in size 
11J'X6'. The charge is three and a half to four wagons, and the 
ovens are worked as usual, yielding eleven cars(6,875bush.)daily, 
which is shipped both east and west. Eighty men are employed. 

Messrs. Serrick, Rice & Co., are operating one-third of a mile 
above Valley Works station. They work the Pittsburg Bed, 
nine feet thick, with a small and non persistent middle slate 
at about four feet above the floor. 

Fig. 10. 
Slate roof. 

Coal WaMBM^' 5' 0" 




Slate parting, not persist't. 

Coal Hi^^lKH 4' (y 

Fire-clay floor. 

Eight feet of the coal are taken out and all used in the ovens. 

There are twenty Beehive Bank Ovens, in size 11 J' X 5|'. The 
charge is three wagons, and the ovens are worked as usual, 
making forty-eight hour coke, except the Friday and Saturday 
charges which are roasted for seventy-two hours. Twelve cars 
are shipped weekly (7,500 bushels) east and west. 

Messrs. Dillinger & Suttle are operating the Enterprise "Works 
at Hawk Eye station. They work the Pittsburg Coal Bed, 
nine feet thick, with the small slate binder three feet above the 
■ floor. The coal is all taken out and is used in the coke ovens, 
except some little custom coal. The coal lies here one hundred 
feet above the railroad, and is sinking gently to the south-east. 

There are forty-one Beehive Bank Ovens of the usual size. 
The charge is three wagons for four days, and three and a half 
wagons for two days, and the ovens are worked as usual, making 
forty-eight hour coke, except the seventy-two hour Sunday 
coke. Twentj^-four cars are shipped weekly, (in all 15,000 
bushels,) mostly to Pittsburg. 

Messrs. Hurst, Stoner & Co., are operating at Stonersville. 
They work the Pittsburg Coal Bed, nine feet thick, with an 
irregular slate binder three feet above the floor. Seven feet of 
the coal are mined ; the coal all going into the ovens. 

There are thirty Beehive Bank Ovens, and forty Beehive 
Block Ovens — seventy in all; in size 11J'X5|'. The charge 
is three wagons, increased slightly on Friday and Saturday, and 
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making forty-eight hour coke, with the usual amount of seven- 
ty-two hour " Sunday coke." Forty-eight men are employed. 

Samuel Warden & Co. are also operating close by Stoners- 
ville. They work the Pittsburg Bed, nine feet thick, with no 
regular slate partings. They mine the coal the whole thick- 
ness of the bed, and use it in their ovens. 

There are eighteen Beehive Bank Ovens, in size 11 J' X 6 J' 
The charge is three wagons, and the ovens are operated as usual, 
giving 6,300 bushels weekly of coke, forty-eight hour coke, with 
the usual seventy-two hour Sunday coke. The coke is shipped 
to Chicago and points west of it. Twelve men are employed. 

Messrs. Stoner, Hitchman & Co. are operating at Farr's sta- 
tion. They work the Pittsburg Coal Bed, nine feet thick, with 
no regular slate parting. Eight feet of coal are mined, some 
of which is sold as custom coal, the greater part however going 
into the ovens. 

There are sixteen Beehive Bank Ovens, and fourteen more 
are to be built. The ovens are lO'XSJ', are charged and 
worked as usual, and yield 6,300 bushels of forty-eight and 
seventy-two hour coke. Twelve men are employed. 

The table below recapitulates the main facts concerning the 
coke works on the South-west Pennsylvania railroad for con- 
venient reference : 

Resume of Coke Works on South-west Pennsylvania Railroad. 



NAME OP FIRM. 


p 

a. 

o 
< 
a 


Kind of ovens. 


If 

• s 


Production per 
week — cars 


Where shipped. 


P <feC. G. C. AC. Co.— 
Job n Dravo, agent. . 

Dillinger, Sherrick <fe 
Co 


203 

70 

102 
20 

41 
70 
18 
16 

540 


Bank 


92 

42 

80 
11 

15 
48 
12 
12 


122 

50 

66 
12 

24 
50 
10 
10 


Johnstown,N. Cast- 
tie, Etna, W. P. 
railroad. 

According toorder, 
no general place. 


Bank 


Valley Coke Works - 
Willson, Boyle and 


Bank 


Sherrick, Rice& Co.. . 

Enter'se Coke W'ks— 

Dillinger &Suttle.. 

Hirst, Stoner & Co 

Sam'l Warden & Co. . 


Bank 

Bank 


According to order. 
Pittsburg. 
Chicago and west. 


30 bank, 40 block, 
Bank 


Stoner, Hitchman & Co 


Bank 






Total 


312 


344 
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Mount Pleasant Branch Bailroad. 

Messrs. Frick & Co. are operating at Broad Ford station, on 
the Mount Pleasant Branch of the Pittsburg and Connellsville 
railroad, and two miles north of Connellsville. They are work- 
ing the Pittsburg Coal Bed, nine feet thick of clean coal, with- 
out slate or bone coal, except that small binders are found at 
three feet and at five feet above the floor. The binder at three 
feet is found, though very rarely, five inches thick. The rider 
of coal which is found overlying the Pittsburg Coal Bed at 
varying distances is, at this mine, almost incorporated into the 
bed, there being less than a foot of fire-clay between the top of 
the main coal and the bottom of the rider. It is here three feet 
thick f the coal being vei-y good for house use, and cokes fairly 
well. It is sometimes mixed with coal from the main bed in 
charging the ovens. 

Fig. 11. 
ISlate roof. ^B^^BRHH 

Coal rider |Mj|jy||HI|ii|^W 3' o" 

Fire-clay C^^^^^3 H" 

Coal ^HhShI ^' "" 

Slate binder. |pjBB|gB33 

From seven and a half to eight feet of clean coal are mined 
from the main bed, all used in the ovens. 

There are one hundred and one Beehive Bank Ovens, in size 
ll'X5J'. The charge of the oven is three wagons for four days 
of the week, and three and a half wagons for Friday and Sat- 
urday. The ovens are worked in the usual way, and yield of 
forty-eight hour daily coke and seventy-two hour Sunday coke, 
eleven cars daily, or 6,875 bushels. This is shipped to Mil- 
waukee, Chicago, Salt Lake City, and other points in the west. 
Sixty-one men are employed. 

Messrs. Morgan & Co. are operating only one-fourth of a mile 
north of Frick & Co.'s works. They are working the Pitts- 
burg Coal Bed, showing here also nine feet of coal, and at 
places ten feet, with the small slate partings at three feet and 
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five feet above the floor. Eight feet of this coal are taken out 
and used in their ovens. 

There are one hundred and eleven Beehive Bank Ovens, in 
size 11' X 6'. The charge is one hundred and ten bushels of coal 
for four days in the week, and one hundred and twenty-five 
bushels on Friday and Saturday. They burn forty-eight 
and seventy -two hour coke ; shipped mainly to the west, some 
of it having gone as far as California ; and since the strike in 
the anthracite region (in 1874) a certain amount of the coke 
continues to come east to the Susquehanna and Lehigh valleys. 
Eighty men are employed. 

Messrs. Striekler & Lane are operating at Morgan station, 
on the Mount Pleasant branch of the Pittsburg and Coi*nells- 
ville railroad. They are mining the Pittsburg Coal Bed, which 
is here in the same condition as at Morgan & Co.'s, nine feet 
of clean coal. 

There are forty-four Beehive Bank Ovens, in size 11J'X6'. 
The charge of the ovens and working are the same as at Morgan 
& Co.'s works, and of the forty-eight hour and seventy-two hour 
coke twenty-eight cars (17,500 bushels) are shipped weekly. 
Thirty men are employed. 

Messrs. Hutchinson & Co., are operating north of Morgan sta- 
tion They are working the Pittsburg Coal Bed, which shows 
as described above. 

There are seventy-nine Beehive Bank Ovens of the usual size. 
They are charged with three wagons, (100 bushels,) worked in 
the usual way and yield of forty-eight and seventy-two hour 
coke thirty-eight cars, (23,750 bushels,) which are shipped west 
usually. Forty-five men are employed. 

Messrs. Markle, Sherrick & Co., are operating north of Mor- 
gan station. They mine the Pittsburg Coal Bed, nine feet 
thick. 

There are eighty Beehive Bank Ovens, in size ll'X5|'. 
They charge 100 bushels of coal, with the usual increase on 
Friday and Saturday, and produce forty-eight and seventy-two 
hour coke. The product, fifty cars weekly (31,250 bushels) of 
coke is shipped west. Six men are employed in the yard. 

Messrs. Hirst, Moore & Co., are operating the Summit mines, 
one mile north of Morgan station. They mine the Pittsburg 
4— L. 
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Coal Bed, nine feet thick of coal, with a slate binder showing 
at three feet and another at five feet above the floor. These 
binders are irregular, the thickness changing rapidly, but are 
never large. Seven and a half feet of coal are taken out and 
used ia the ovens. 

Fig. li. 
Slate roof. BHDHBBIH 

Coal ^^^^^H 4' 0" 

Slato, irregular. ^^HH^^^H 

Coal ^^^^^^1 ^' "" 

Slate, irregular. B^S^^^^M 

Coal ^^^HSh ^' °" 

Fire-clay floor. H^H^^^Bi 

Th^re are one hundred and one Beehive Bank Ovens, in size 
11|'X6', charged and worked as usual, yielding of forty-eight 
hour and seventy-two hour coke, sixty-six cars (41,250 bushels) 
weekly, which is shipped by Morgan & Co. Seventy-five men 
are employed. 

C. H. Armstrong & Son are operating one-half mile north of 
Summit mines. At date, (December, 1875,) they had twelve 
Beehive Bank Ovens built, and intended to build seventy-three 
m-ore; size lli'X6'. They were opening a mine on the Pitts- 
burg Bed. 

Charlotte Furnace is operating coking ovens opposite Scott^ 
dale station, on the South-west Pennsylvania railroad. They 
mine the Pittsburg Coal Bed, nine feet in thickness. The reg- 
ular slate binders show at three feet and five feet above the 
floor. They are irregular and vary in size from six inches 
down to a knife edge. 

Fig. IS. 
Slate roof. IHEBSI^SH 

Coal [^^IPP9 ^ *'" 

Slate CSS^SlfSS 6" to 0" 

Coal fl^HHHSi ^' "" 

Slate ^■^■BB 6" to 0'' 

Coal ^^I^^^9 ■ ^' ^" 

Fire-clay floor. HHHB^H^H 

There are fifty Beehive Bank Ovens, charged and worked as 

usual, yielding of forty-eight and seventy-two hour coke 3,000 

■bushels daily, which is used at the furnace. 
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Messrs. Keifer & Co. are operating at Fountain Mills station, 
on the Mount Pleasant Branch of the Pittsburg and Connells- 
ville railroad. They mine the Pittsburg Coal Bed, nine feet 
thick, with its middle slate five feet above the floor, ranging 
from five inches down to nothing. Eight feet of coal are mined, 
all of which is used in the ovens. 

There are ten Beehive Bank Ovens, in size 12'X6', charged 
and worked as usual, yielding of forty-eight hour and seventy- 
two hour coke one car (625 bushels) daily, which is shipped to 
Pittsburg and Harrisburg. 

Messrs. Ihmsen, Lake & Co. are operating the Fountain 
mines, near Fountain Mills station. They mine the Pittsburg 
Coal Bed, nine feet thick, carrying the binders three feet and 
five feet above the floor, both very irregular. Eight feet of coal 
are mined, all used in the ovens. 

There are fifty Beehive Block Ovens, in size 11 J'X 6', charged 
and worked as usual ; the charge three to four wagons, yield- 
ing of forty-eight hour and seventy-two hour coke thirty-three 
cars (20,625 bushels) weekly, shipped mainly to the west ; a 
small part to the east. Thirty-five men are employed. 

Messrs. J. R. StaufFer & Co. are operating the Dexter mines, 
one mile north of Fountain Mills station. They mine the 
Pittsburg Coal Bed, nine feet or more in thickness ; the upper 
part of the bed markedly hard. There is no regular slate part- 
ing, but in some parts of the mine there are two half inch slate 
binders four inches apart, and four feet above the floor. 

There are forty Beehive Ovens, in size 11|'X 6', charged with 
three and a half to four wagons, worked as usual, yielding 
twenty-six cars weekly (17,250 bushels) of forty- eight hour and 
seventy-two hour coke, which is shipped east and west to order. 
Thirty men are employed. 

Messrs. Painter & Co. are operating at West Overton station. 
They mine the Pittsburg Coal Bed,'which shows here nine feet 
of coal, as at the Dexter mines. 

There are seventy Beehive Bank Ovens, in size ll'X5|'. The 
charge is three wagons (100 bushels) for four days, and four 
wagons for two days. The ovens yield of forty-eight hour and 
seventy-two hour coke, forty cars (25,000 bushels) of coke 
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weekly, most of which is shipped west. Thirty-one men are 
emploj'ed. 

Messrs. Lomanson and Sauft are operating half a mile north 
of "West Overton station. They mine the Pittsburg Coal Bed, 
nine feet thick, showing itself about the same as at Dexter 
mines. 

There are thirty Beehive Bank Ovens, in size 11J'X6|'. The 
charge is three and a half wagons of coal for four days, in- 
creased to four wagons to the charge on Friday and Saturday. 
The yield of forty-eight hour and seventy-two hour coke is 
twenty cars (12,500 bushels) weekly, which is now shipped 
east. Fifteen men are employed. 

Messrs. A. S. E,. Overholt & Co., are operating at the "West 
Overton mines. They mine the Pittsburg Coal Bed, nine feet 
in thickness, with two small persistent slate binders, rather 
irregular in thickness, four feet above the floor. 

fHg. U- 
iSlate roof, IHHmiHn 
Coal H^HBH 6' 0" 



Coal and slate ^S^^^^^^a 0' 6' 

Coal S^^^H ^' ^" 

Fire-clay floor. |||^g^^||^B 

The rider is about three to four feet above the main bed. 
Of the main bed, seven feet are taken out, all used in the coking 
ovens. 

There are sixty-two Beehive Bank Ovens, in size 11^'X6J'. 
The charge is one hundred bushels, increased on Friday and 
Saturday, yielding of forty-eight and seventy-two hour coke 
thirty-six cars (22,500 bushels) weekly, which is shipped west. 
Fifty men are employed. 

Messrs. Markle & Co., are operating at the Rising Sun coke 
works, one-third of a mile north from Iron Bridge station. 
They mine the Pittsburg Coal Bed, nine feet thick. At three 
feet above the floor there is a double slate binder, the same as 
at the "West Overton mines, and at six feet above the floor 
there is a slate binder one inch thick. The sulphur is usually 
in the lower bench, and there is a one and a half inch binder 
of slate and iron pyrites in the floor of the coal. 
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Kider coal. 
Slate 




8' 4 



" 

1 " 
6 " 
6 " 



Coal 

Slate 

Coal 

Riders and coal 

Coal, including bone anJ _^ 

pyrites binder at base i^HHi^^HH 3' Ij 

Fire-clay floor. 

The rider is three to four feet above the main coal bed. The 
coal is sinking to the north-west. 

There are seventy Beehive Bank Ovens, in sizellJ'XG'. The 
charge is three to three and a half wagons of coal, yielding of 
fortj'-eight hour and seventy-two hour coke forty-six cars 
(28,750 bushels) weekly. Sherrick, Markle & Co., ship all the 
coal from these works. Forty-five men are employed. 

Mr. I. F. Overholt is operating just opposite to the Rising 
Sun coke works. He mines the Pittsburg coal, of the same 
thickness, nine feet, and with the same partings. 

There are thirty-six Beehive Bank Ovens charged and worked 
the same as the ovens above named, yielding of forty-eight hour 
and seventy-two hour coke, thirty-six cars (22,500 bushels) 
weekly, shipped by Messrs. Lake & Co. Twenty men are em- 
ployed. 

Messrs. Cochran & Ewing are operating the Buckeye coke 
works at Bridgeport station. They mine the Pittsburg Coal 
Bed, nine feet thick, with the small slate binders at three feet 
and five feet above the floor. A small slate, carrying much iron 
pyrttes, shows at two feet above the floor ; but though showing 
ger «rally, it is not invariably persistent. 
Slate. Fig. 16. 

Voal ^^^■^1 ^' "" 

Slate r^^^^n V 0" 

Coal HHBH ^' ^" 

Fire-clay shale I I 2' 6" 



4' 0' 

21 0" 
3' 0/ 




Coal, 

Slate, thin. 

Coal 

Slate, thin. 

Coal 

Fire-clay floor. 
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The coal is dipping to the north 35° west. 

There are sixty Beehive Bank Ovens, in size lOJ'XS' The 
charge is 100 bushels of coal, increased to 115 on Friday and 
Saturday. The ovens are worked as usual, yielding of forty- 
eight hour and seventy-two hour coke thirty-eight cars (23,750 
bushels) weekly, shipped to the west. Thirty-six men are em- 
ployed. 

Messrs J. F. Stauffer & Co. are operating at Bridgeport station. 
They mine the Pittsburg Coal, which is here nine feet thick, 
and with partings as described at the Buckeye mines. 

There are twenty Beehive Bank Ovens, in size IIJ'XG'. The 
charge is three and four wagons. The ovens are worked as 
usual, and the yield is of forty-eight hour and seventy-two 
hour coke thirteen cars (8,125 bushels) weekly, shipped west. 
Twelve men are employed. 

Mr. Wm. D. Mullin operates north of Bridgport station. He 
mines the Pittsburg Coal Bed, nine feet thick, and showing 
similarly to the section described at the Buckeye mines. 

There are sixty Beehive Bank Ovens, in size ll'XoJ'. The 
^narge is three and a half to four wagons. The ovens are 
worked as usual, and the yield is of forty-eight hour and sev- 
enty-two hour coke thirty-six cars (22,500 bushels) weekly, 
shipped west by Messrs. Sherrick and Markle. Thirty-five men 
are employed. 

Messrs. Boyle and Hazlett are operating on the west side of 
the railroad, opposite to Mullin's works. They work the Pitf-s- 
burg Coal Bed, which is here twenty-three feet below the rail- 
road level, and sinking to the north-east. The coal is nine feet 
thick, and shows its partings as at the Buckeye mines. 

There are one hundred and seventy-one Beehive Bank Ovens, 
in size 11^' X 6'. The charge is three to four wagons of coal. 
The working of the ovens is as is customary, and the yield is 
of forty-eight hour and seventy-two hour coke twenty cars 
(12,500 bushels) daily, or 75,000 bushels weekly. The coke is 
shipped to Chicago. One hundred and twenty-five men and 
boys are employed. 

Messrs. Duncan & Bro. are operating at the north terminus 
of the Mount Pleasant Branch of the Pittsburg and Connells- 
ville railroad. They mine the Pittsburg Coal Bed, nine and a 
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half feet thick, without any slate binders. The rider is, as 
usual, made up of coal and slate layers. 

The Superintendent states that the mine shows the following 
structure : — The coal is reached at a depth of 220 feet, by a 
slope 550 feet long. It strikes the coal within 25 yards of a 
point from which the coal rises in all directions. At Bridge- 
port, one mile south, the coal comes up to day-light, and it also 
comes out about one mile north, one mile east and one mile 
west. Eight and a half feet of the coal are mined, all for use 
in the ovens. 

There are twenty- five Beehive Block Ovens, in size 11J'X5J'. 
The charge is four wagons. The ovens are run upon seventy- 
two hour coke, of which they yield thirteen cars (8,125 bushels) 
weekly, which is shipped west. 

There is to be an increase of the number of ovens to fifty, 
whenever the condition of the coke business warrants, the foun- 
dations of the extra ovens being already laid. They are to be 
built in a block. Twenty men are employed. 

The hill-side, at Duncans, shows the following section: 

Soil 10' 

Limestone , 12' 

Shaly limestone 5' 

Parted coal bed 2' 

Ferruginous sbale and sandstone 32' 

liimestone 8' 

fire-clay 1' 

Blue slate with iron ore 35' 

Parted coal bed 4' 

Slate and sandstone 80' 

Pittsburg coal bed and rider ISf 

Limestone and ore. 



56 L. 



F. PLATT, COKE REPORT OP 1875. 



Resumi of Coke Works on the Mt. Pleasant Branch of the Pitts 
burg and Connellsville Railroad. 
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Where shipped. 


Prick & Co 


101 

111 

44 
63 
80 

101 
60 
10 

50 

40 
70 
30 
70 
36 

62 

60 

20 

60 

171 

25 


Bank. . 

Bank. . 
Bank. . 
Bank.. 
Bank. . 

Bank. . 
Bank. . 
Bank. . 

Block, 

Bank. . 
Bank. . 
Bank. . 
Bank. . 
Bank. . 

Bank. . 

Bank. . 
Bank.. 
Bank.. 
Bank.. 
Block, 
• 


66 

70 
28 
38 
50 

66 

30 

6 

33 

25 
40 
20 
46 
36? 

36 

38 
13 
3H 

1^0 


Chicago. Milwaukee and 


Moreran & Co 


Salt Lake City. 
West as far as California. 


Strickler, Lane A Co 


West, on order. 


Markle, Sherrick & Co 

Summit Mines- 
Hurst, IMoore & Co 

Charlotte Furnace 


West. 

Morgan & Co. 
Furnace. 


Keifer <fe Co 


Pittsburg & Harrisburg. 


Fountain Mines— 

Ihmlen, Lake& Co 

Defter Mines — 

J. R. Stautter & Co 


East and vrest, to order. 

East and west, to order. 

West. 




East. 




Sherrick, Markle & Co. 


J. F. Overholt 


Lake & Co. 


West Overton— 

A. R. S. Overholt & Co . . . 
Buckeye Mines— 


East. 
West. 


J. T. Stautter & Co 


West. 


William D. Mullin 


Sherrick, Markle <fc Co. 


Boyle and Hazlett 


Chicago. 
West, to order. 


Duncan & Bro 


20 13 






Total 


1,284 


870 


700 





Pittsburg and Connellsville Railroad. 

Messrs. Frick& Co. are operating at Broad Ford, on the Pitts- 
burg and Connellsville railroad. They mine the Pittsburg Coal 
Bed, nine feet thick, with the usual small slate binders at three 
feet and five feet above the floor. Seven and a half to eight 
feet of coal are taken, all for use in the ovens. 

There are one hundred Beehive Block Ovens of the usual 
size. The charge is three wagons, increased on Friday and 
Saturday, and the yield of forty-eight hour and seventy-two 
hour coke is sixty-six cars (41,250 bushels) weekly, shipped by 
Messrs. Morgan & Co. One hundred and thirty-seven men are 
employed in all. 

Messrs. S. Cochran & Co. are operating the Washington 
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mines, one-third of a mile west from Broad Ford. They mine 
the Pittshurg Coal Bed, in full size of nine feet thick. 

There are thirty-five Beehive Bank Ovens, in size lO'XSJ'. 
The charge is eighty-five to ninety bushels of coal, and the 
ovens are run upon forty-eight hour coke. The product, three 
cars (1,875 bushels) daily, is shipped west. Sixteen men are 
employed. 

Messrs. Laughlin & Co., are operating the Tyrone mines. 

They mine the Pittsburg Coal Bed, nine feet thick, with its 
double small slate binder at three feet above the floor ; the slate 
binder at five feet above the floor is not persistent. A knife- 
edge of slate and iron pyrites, is found eighteen inches above 
the floor : 

Slate roof, Ji'iff. 17. 



Coal. 



Slate thin, not persistent. 
Coal 




4, o„ 



_^-___-__,^ 1' 6" 

Slate and coal ■■■■HHilH 6" 

Coal bom^MMB^ !!!!!!!!!!!!.!!..!!.' i' 6" 

Slate and pyrites binder. BHBBHH^B 

Coal H^BI^hSH 1' 6" 

Fire-clay floor. 

Seven feet of coal are taken out, all for use in the ovens. 

From this mine on to Jackson the coal is nearly level ; at 
the lower end of the Jackson works it dips under the railroad, 
not going deep however. 

There are one hundred and flve Beehive Bank Ovens, and 
eleven Beehive Block Ovens, one hundred and sixteen ovens in 
all. Of these, fifty ovens are in size 10'X5J', and sixtj^-six are 
in size 11' X 6'. The charo-e is three was-ons of coal for the 
large, and two and a half wagons for the small ovens, increased 
on Friday and Saturday. When examined (Julj'^, 1875) the 
ovens were running on seventy-+wo hour coke ; generally they 
make forty-eight hour coke. The production is sixty-three cars 
(39,375 bushels) weekly. Fifty-five men are employed. 

Messrs. Brown & Cochran are operating the Stirling mines. 
They mine the Pittsburg Coal Bed, nine feet thick, parted as 
described above at the Tyrone mines. 

There are one hundred and fourteen Beehive Bank Ovens 
and forty-three Beehive Block Ovens, in all one hundred and 
fifty-seven ovens, in size 10|'X5J'. The charge is three wagons 
and increase on Friday and Saturday. The ovens were working 
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for seventy-two hour coke, but run on time to order. The pro- 
duct, fourteen cars (8,750 bushels) daily, is shipped to Pitts- 
burg, itfinety men are employed. 

Messrs. John M. Cochran & Co., are operating the Jackson 
mines. They mine the Pittsburg Coal Bed, nine feet thick, 
the usual slate binder at five feet above the floor being very 
thin. They work the whole thickness of the bed, the coal 
taken out going into the ovens. 

J'it;. 18. 
Slate Roof. 

Coal lllHMIllillWWII 4' 0" 




Slate binder, 

Coal 

Slate and coal, 

Coal 



Fire-clay 

Black slate with ore 



Limestone. 



Slate and shale . 



Tjmestone . 



Carbonate iron ore 

Black shale, with irregu- 
lar 6" coal seam 

Limestone 



Calcareous and siliceous 
shales 



Calcareous shales . 



Coaly black slate , 

Limestone with shale. 
Slate and shale. 

There are sixty-three Beehive Bank Ovens 
size 12' X 6', and forty-seven are in size 10'X5|. 



1' 6" 

0' 6" 
3' 0" 



0" 
6" 



3' 0" 

4' 0" 

2' 6" 

1' 0" 

2' 0" 

2' 0" 



10' 0" 



4' 0" 

r 0'- 

4' 0'' 



Sixteen are in 
The charge is 

ninety and one hundred and five bushels of coal in the small 
ovens, one hundred and twenty and one hundred and thirty- 
five bushels in the larore ovens. 
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The Fayette Coal Company are operating the works at Sedg- 
wick station. They mine the Pittsburg Coal Bed, in full size 
of nine feet. 

There are one hundred Beehive Bank Ovens, in size lO'XoJ'. 
The charge is two and a half wagons of coal, increased on Fri- 
day and Saturday. The ovens are run on forty -eight hour coke, 
and yield fifty-five cars (34,375 bushels) weekly. It is shipped 
to Pittsburg, to Graff, Bennett & Co., and Shoenberger, Blair 
& Co. Seventy-five men are employed. 

Messrs. Cochran and Keister are operating the Spring Grove 
mines, on Hickman's Run siding of the Pittsburg and Connells- 
ville railroad. They mine the Pittsburg Coal Bed, nine feet 
thick, with the usual slate binders at three feet and five feet 
above the floor ; the latter one sometimes running up to five 
inches in thickness. Four inches of slate and iron pyrites are 
m the floor of the mine. 

The rider coal three feet in thickness, sub-divided by a six 
inch slate, is less than two feet above the main bench of the 
coal: 

Slate. Fig. 19. 



Coal.. 
Slate., 
Coal.. 
Slate . 



Coal. 



Slate binder. 

Coal 

Slate binder. 
Coal 



Slate and pyrites ^^^^**^^^ i" 

fire-clay floor. 

There are one hundred Beehive Bank Ovens ; forty in size 
10' X 5 J', and sixty in size 11JX6'. The charges are three and 
four wagons, and the ovens are run on forty-eight hour coke. 
The product, sixty-three cars (39,375 bushels) weekly, is shipped 
to Pittsburg. Seventy-five men are employed. 

Messrs. Brown and Cochran are operating the Jimtown 
mines. They mine the Pittsburg Coal, nine feet thick, parted 
as last described. 

There are one hundred and seventy-seven Beehive Bank 
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Ovens, and one hundred and five Beehive Block Ovens, in all 
two hundred and eighty-two ovens. The size is ll'XoJ', and 
the charge is four wagons of coal. The coke is burned to order, 
but usually the ovens are run upon forty -eight hour coke. The 
product, forty -five cars (28,125 bushels) daily, is shipped to the 
Shenango Valley, Ohio. One hundred and sixty men are em- 
ployed. 

Resume of Coke Works on Pittsburg and Connellsville Railroad. 
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Where shipped. 


Friek & Co 


100 
35 


Block... 
Bank.... 
11 block, 
105 bank, 

Bank. . . . 
114 bank, 
43 block. 
Bank. . . . 

Bank. . . . 
105 block 
177 bank. 


Morgan & Co. 
^^est. to order. 


S. Cochran <fe Co . .' 


Tyrone mines. ... 




Laughlin & Co 


116 
63 


Laughlin & Co., Pitts'g 
West, to order. 


Jackson mines — 

John M. Cochran & Co. . 
Stirling mines 


Brown & Cochran 

Fayette Coal Company... 
Spring Grove — 

Cochran & Kiester 

Jimtowu mines 


157 
100 

100 


Pittsburg. 
Pittsburg. 

Western Pennsylvania. 


Brown & Cochran 


282 


1... 


Shenango Valley, Ohio. 






Total 


1,053 


471 


667 
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CHAPTER V. 



COKING. 

The detailed description has already given the character and 
capacity of the different coke works in the Connellsville basin, 
and the condensed tabular statement given below shows that 
there are in all 3,578 ovens, producing when run on full time 
on forty-eight hour coke, 1,302,600 bushels weekly, equal to 
2,171 cars, or 26,000 tons weekly. 

Recapitulation of Connellsville Coke Region tables 



NAMES OP DISTBIOTS. 


o 




o 

% 

CD 

B 
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c 3 


Fiyette Connty branch, Pittsburg and Connellsville R. R., 
South-west Pennsylvania railmad 


7 

9 

21 


646 

630 

1,349 

953 


375 
374 


MountPleasant branch, Pittsburg and Connellsville R.R., 
Pittsburg and Connellsville R. R., Hickman Run branch, 


860 
562 


Total for region 


45 ;3,578 


2,171 



Perhaps the most surprising feature of this enormous busi- 
ness is its sudden and recent growth ; nearly all of these 
ovens having been built within the last ten years. Before 1865, 
the trade was small, the market chiefly local to the Pittsburg 
region, the reputation of the coke much less wide spread, and 
the number of coke ovens growing slowly. Since that time 
the increase of the business has been amazing. Other coking 
districts have enlarged their capacities also ; much coke, and of 
good quality too, now coming from the line of the Pennsylvania 
railroad from Blairsville to Pittsburg ; but the growth of their 
trade has been slow, compared to that of the Connellsville re- 
gion. Such a difference pre-supposes some special adaptability 
of the Pittsburg coal at Connellsville for coking; and this is 
undoubtedly the case. In the tests made for strength and 
efficiency, the only coke which closely approaches the Con- 
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nellsville coke, is that made at Bennington station, on the 
Allegheny mountain. And as the Connellsville Basin shows 
the Pittsburg Coal Bed in specially fine condition for coking, 
and the area of the condition limited, so the Bennington coke 
works show the " Miller" Coal Bed, bed B of the Lower Pro- 
ductive Coal Measures, in unusually fine condition for coking, 
and this condition existing over an area not specifically defined 
as to its limits but undoubtedly of moderate extent. 

The paper of Mr. Fulton, appended to this report, treats of 
most of the main points in reference to coking, some of them 
quite fully. And to avoid repetition, in so far as it has been 
found possible, this chapter will either treat very briefly or 
avoid entirely subjects which are sufficiently discussed in his 
paper in this same volume. 

In coking coal, the object is to drive oft' the water, the hydro 
carbons and the volatilizable sulphur, and leave in the coke the 
fixed carbon, ash and such part of the sulphur as, may not be 
volatilizable. The object to be attained is, at the lowest pos- 
sible cost, to make a coke which shall be silvery, with metallic 
ring, cellular, capable of bearing a heavy burden, and as free as 
possible from impurities ; a compound of fixed carbon and 
ash, with the coke structure and without water, sulphur or 
phosphorus. 

Two main points at once present themselves, the character 
of the coal to be coked, and the method of coking. To the 
latter of these points has been given the chief part of the at- 
tention bestowed upon coking of late years ; but the facts 
when carefully gathered seem most decidedly to intimate that 
the character of the coal itself must be made the most import- 
ant factor in any coking operations. No oven can make a first 
class coke out of impure coal and one not suited to coking, and 
it may also be said that under no system of coking will a good 
coking coal fail to yield a fair coke. 

The Connellsville coal, calling by that name all of the Pitts- 
burg Coal Bed in the region marked on the sketch map (Plate 
VI of this report) as the coking coal region, is unusually and ex- 
ceptionally a fine coking coal. A specimen from the mine of 
Messrs Prick & Co., at Broad Ford, yielded on analysis by Mr. 
M'Creath, at the Laboratory of the Survey in Harrisburg : 
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Water 1 .260 

Volatile matter 30 .107 

Fixed carbon 59.616 

Sulphur 784 

Ash 8 .233 

100.000 
Color of ash, reddish gray. 
Coke per cent, 68.633. 

Sulphur left in coke 0.512 

Per cent sulphur in coke .746 

Per cent ash in coke 11.995 

Per cent carbon in coke 87.259 

100.000 

The coal is bituminous, with dull resinous lustre generally, 
with seams of bright shining crystalline coal, for the most part 
coated with a yellowish silt. It contains numerous partings 
of mineral charcoal and slate, also small crystals of pyrites. 
The coal is generally hard and compact, some of it having a 
tendency to break up into cubes. 

This may be taken as a fair sample of the Connellsville 
Coking Coal. It must be remembered that the coke yield as 
given above, 68.633 per cent is only the laboratory yield, while 
it will be shown hereafter that in coking on a large scale in 
Beehive Ovens, the usual yield is 63 per cent of coke. More- 
over, the expelled sulphur is also the result of a test of a small 
quantity in the laboratory. 

"With reference to the different methods of coking coal, the 
reader is referred to the appendix, p. 122, where the three 
methods are figured and plainly described. 

The Beehive Oven, which is in universal use in the Connells- 
ville Basin, has undergone no change of any consequence in the 
past fifty years. 

This oven is eleven or twelve feet in diameter and five and a 
half to six feet high. The working is very simple. The coal 
is dumped into the oven from a hole in the top, and spread 
evenly on the floor ; the front opening is closed with bricks, 
luted with clay, and sufficient opening is left at first to supply 
the needed air ; then, after sufficient heat is developed, these 
openings are closed, and finally the roof opening is closed. 

The average time of coking is forty-eight hours, with sev- 
enty-two hour coke for that burned over Sunday. Twenty-four 
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hour coke is also naade occasionally. The seventy-two hour 
coke is a firmer and better coke than either of the others. 

When the coke is thoroughly burned, the door of the oven 
is taken out, and water is thrown in from a hose en to the red 
hot coke. This apparently primitive system answers its purpose 
most admirably for the character of the coke, and it comes out 
of the oven firm, tough, silvery, pure and especially dry and 
free from water. 

The burning of coke in the open rick is the oldest method 
of which we know, running back in England certainly to the 
seventeenth century. The method is simple. (See p. 122 for 
illustration.) 

" Beginning on a base of fourteen feet wide, coal is spread to 
,a depth of eighteen inches. On this base the flues are arranged. 
The flues are made of refuse coke and lump coal, and are cov- 
ered with billets of wood. Fire is applied to the base of the 
vertical flues, igniting the kindling wood at each alternate flue. 

" When the burning of the gaseous matter has ceased, the heap 
is carefully closed with dust or duft", and nearly smothered out 
in this way. The final operation is the application of a small 
quantity of water down the vertical flues, which is quickly 
converted into steam, permeating the whole mass." 

The above description is given by Mr. Fulton of the open 
rick coking as done by the Cambria Iron Company at Ben- 
nington Station, on the Allegheny mountain. 

In burning coke in the open ricks the time of coking varies, 
ranging from five to eight days at Bennington, and five to 
seven days in some ricks southwest of Connellsville ; and Trof 
Walter R. Johnson, in coking some Cumberland coal for the 
purpose of testing the power of the coal and coke, burned his 
coal in the open rick for ten days. 

Under the heading of the Belgian Coking Oven are included 
many varieties, all using, however, the same main ideas, viz : 
to utilize the gases expelled in the process of coking, and to 
push out the coke in one mass and cool it outside of the oven, 
thereby saving labor and keeping the oven from being cooled 
by water thrown in. 

The Belgian Ovens are explained and illustrated on p. 12 i. 
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Two varieties of the improved ovens, the Appolt and Copped 
Ovens, are now extensively used. 

*"The Appolt Oven is practically a large brick chamber, 
about seventeen by twelve feet and thirteen fpet high, divided 
by thin partition walls into twelve independent compartments 
or retorts, about four feet long and one foot six inches wide, 
having a free open space around each, in which the gases ex- 
pelled in the process of coking are burnt, the resulting heat 
being transmitted through the walls of the chambers to the 
coal contained in them. The coking operation lasts twenty- 
four hours ; at the expiration of that time the bottom plate of 
the compartment or retort is removed, the charge falls out of 
its own weight, and is cooled by throwing water on it. 

The Coppee Oven has obtained great favor in Europe, where, 
even in 1873, there were 600 or 700 in Belgium, and 1,400 to 
1,500 in Germany. It consists essentially of a series of rec- 
tangular prisms, thirty feet long, fifteen inches wide, and 
about three or four feet high. The heat for coking is commu- 
nicated, as in the Appolt system, through the thin walls 
which separate the oven from the gas flues. 

This oven is less costly than Appolt's, and to a great extent 
attains the same objects. The manipulation of the charges is 
done by machinery, a ram pushing the entire charge out of 
the oven when sufficiently coked. The process of emptying 
and refilling the oven need not occupy more than eight min- 
utes, and at the Ebbw Vale works, in Wales, the total cost of 
coking is one shilling a ton, the contractor taking the crushed 
and wasted coal from the bins, finding all the labor for filling 
and discharging the ovens, (including the working of the coke 
ram,) and filling the coke into trains. The oven is not adapted 
to coking any but fine coal, so for this reason, and also to be 
able to get rid of the impurities, the coal is crushed and 
washed. 

It is stated that the coke quenched outside of the oven, as 
in the Coppee system, contains more water than that from the 
Beehive Oven ; in the former case, at the Ebbw Vale Works, 
six per cent of water was found in the coke, while but 0.8 per 
cent remained in that quenched inside the Beehive Oven." 

* Engineering and Mining Journal. 

6— L. 
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If this latter statement be accurate it is a matter of very- 
great moment ; for not merely is the six per cent of water a dead 
loss, but it requires to be driven off, using up carbonaceous 
matter for this purpose and lowering decidedly the general 
calorific effect of the coke. 

The comparative cost of making coke by these different 
methods has been the subject of a great deal of discussion, 
much of it of a decidedly acrimonious nature ; frequently, how- 
ever, with a minimum of facts, and those naturally biased 
and distorted by the advocates of the different ovens. 

One true test would be to coke a sufficient quantity of coal 
from the same mine b}"- all three methods, the open rick, the 
Beehive and the Belgian ovens ; but not to confine the test to 
one coal, but to test several varieties of coal, ranging in compo- 
sition from the Cumberland or Broad Top coal holding about 
17 pjer cent of hydro-carbons, up to the coking and gas coals 
with from 30 to 35 per cent of hydro-carbons. No such com- 
plete test has been made. 

The Cambria Iron Company using in their extensive opera- 
tions both the open rick and the Belgian oven for coking, 
has afibrded an opportunity for a partial test of this matter. 
On p. 126 of this volume, the facts as gathered by Mr. Fulton 
are detailed. Without repeating his facts, it is only needful 
here to say that after making allowances for interest on plant, 
repairs, &c., he makes the cost of coking thus : Open pits, 2.37f ; 
Beehive oven, 2.33| ; Belgian oven, 2.06|. 

These conclusions as to cost of coking by the diff'erent meth- 
ods, as well as the tables showing the varying loss of carbon 
in coking in the open pit. Beehive and Belgian oven, while 
containing valuable facts, must be taken as simply approxima- 
tions, and not as the complete and definite figures which would 
be furnished by a thorough testing. 

For example: the Miller coal at Bennington and the Con- 
nellsville coal, analyze thus: 

Miller Connellsvllle. 

Water 1.260 

Fixedcarbon 68.500 59.616 

Ash 8.000 8.233 

Volatile matter 22.380 30.107 

Sulphur 1.120 .784 

100.000 100.000 



COKING. L. 67 

The Miller coal when coked in open pits at Bennington, 
yields 59.1 per cent coke. Compai'ing the theoretical and ac- 
tual coke : 

Theoretical. Actual. 

Ash 8.00 8.00 

Sulphur, (two-thirds) .75 .75 

Fixed carbon 68.50 50.35 

77.25 59.10 

In this the sulphur of the coke is assumed to be two-thirds 
of the sulphur of the coal, one-third probably having been vola- 
tilized. 

The fixed carbon, therefore, of the coal and coke stand to 
each other thus : 

68.50 : 50.35 : . 100 : 73.5 
showing that 26.5 per cent of fixed carbon have been lost in 
this open rick coking. 

The Connellsville Coal, coked in the Beehive Oven, yields 63 
per cent of coke. This percentage is not derived from a com- 
plete series of figures, but from the general statement of the 
works as to their coal output and coke yield. 

Comparing the theoretical and actual coke yield — 

Theoretical. Actual. 

Ash 8.233 8.233 

Sulphur 512 .512 

Fixed carbon 59.626 54.255 

68.361 63.000 

The fixed carbon, therefore, of the coal and coke are thus 
proportioned : 

59.616 : 54.255 : : 100 : 91 
Showing a loss of nine per cent of fixed carbon in coking Con- 
nellsville Coal in a Beehive Oven. 

These figures are valuable, but only partially aid in answer- 
ing the question. What would have been the loss of fixed carbon 
in coking the Miller Coal in a Beehive Oven ? ♦ 

Or the question, What would be the extra loss of fixed carbon 
if the Connellsville Coal were coked in open pits f 

Upon this latter poilit there are some facts. 

Assuming the loss of fixed carbon in the open rick coking at 
Bennington to be a fair average, and applying it to the Con- 
nellsville Coal, the percentage of coke would stand thus : 
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Theoretical. Supposed. 

Ash 8.233 8.233 

Sulphur 512 .512 

FixedCarbon 59.616 43.817 

68.361 52.662 

At Oliphant's ]S"ew Furnace, six miles South-west of Union- 
town, the (Pittsburg) Connellsville Coal is being coked in 
open ricks ; but the works were only just started when exam- 
ined, and no close statement could be procured. 

The Superintendent of the Fairchance Iron "Works, two 
miles South-west of this place, had for many years coked the 
Connellsville Coal in open ricks, and gave abouf 100 bushels 
of coke to 100 bushels of coal as an average yield. Other au- 
thorities placed the yield at from 100 up to 110 bushels of coke 
to 100 bushels of coal. 

Assuming 100 bushels of coke as an average, the figures are, 

Pounds. 

100 bushels of ooaT 7, 600 

100 bushels of coke 4, 000 

An average yield of 52.6 per cent, or with a loss of carbon the 
same as given by the Miller coal when coked in open ricks. 

If 105 bushels of coke to 100 bushels of coal be taken as an 
average, and perhaps this is fairer, the average yield of coke is 
65 per cent, and the loss of carbon is 24 per cent. 

With reference to the comparison of the open rick coking 
and the Belgian Oven, the statistics of the Cambria Iron Com- 
pany of the large amount of coke made at Bennington in open 
ricks, and at HoUidaysburg in Belgian Ovens, afford a full and 
fair means of comparison, the coal used being from the same 
mine in both cases. 

The coke yield of the Belgian Ovens, using the Miller coal 
from Bennington, shows thus : 

Theoretical. Actual, 

Ash 8.00 8.00 

' Sulphur (two-thirds) .75 .75 

Fixed carbon 68.50 61.25 

77.25 70.00 

The proportion, therefore, of fixed carbon in the coal and 

coke are : 

68.50 : 61.25 : : 100 : 89.4 

Showing a loss of 10.6 per cent of fixed carbon in coking the 
Miller coal in Belgian Ovens. 
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Leaving out the quality, therefore, and considering only the 
quantity of coke made, the open pit makes only 59.1 pounds to 
the Belgian Oven 70 pounds ; and the open pit loses 26.5 per 
cent of carhon, while the Belgian Oven loses only 10.6 per cent 

It should be noted that a part of this loss of carbon is inevi- 
table in any case, and is directly connected with the constitu- 
tion of the coal. 

But this difference in the loss of fixed carbon, and when the 
loss is heavy the marked decrease in the yield of coke and in- 
crease in cost of production, is of greater or less consequence 
directly according to the cost of the coal. "Where coal is trans- 
ported to iron works and coked there, costing, say one dollar 
and fifty cents a ton delivered in the coke yard, a saving of ten 
per cent is a matter of moment. But where, as in the Con- 
nellsville Region, the coal is run out from the mine directly on 
to the bank of ovens, and where the cost of cutting coal is one 
cent a bushel (twenty-eight cents a ton) or less, the matter of 
saving five to ten per cent of carbon is secondary to other mat- 
ters of economy in managing the works. And especially such 
very moderate saving as economy of fixed carbon would effect 
in the last case is entirely subordinate to the most important 
feature, the character of the coke. 

The physical character of the coke depends largely on the 
percentage of volatile matters in the coal from which it is made ; 
highly bituminous coals, which swell wheu roasted, leave be- 
hind a hard, metallic ringing, tenacious coke, strong either Lot 
or cold, and bearing heavy pressure. The open or block coals, 
on the contrary, do not swell in roasting, keep almost perfectly 
their original form, and yield a less tenacious coke, much less 
able to bear the burden in an high stack. 

Mr. Peelor, assistant engineer of the Cambria Iron Company, 
has prepared, under Mr. Fulton's directions, a table showing the 
relative strength of Pennsylvania cokes, their burden bearing 
power, their cell capacity, &c. This table will be found in full 
on page 129 of this volume. The experiments were conducted 
by Mr. Peelor with great care and ingenuity, and make a val- 
uable contribution to our knowledge of Pennsylvania cokes. 

"Without reproducing the table in full, but only the conclu- 
sions, the Pennsylvania cokes stand thus : — 
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Beehive . . .Connellsville, 72 hour 
Open Pit... Bennington (Miller coal) 

Belgian Hollidaysburg (Miller ooal) 

Beehive ...Connellsville, 48 hour 

Belgian Gap Furnace (Miller coal) 

Belgian ... .Johnstown 

Beehive .. .Kemble, O. & I. Co., Broad Top 

Open Pits . . Broad Top 

Open Pits. .Rockhill, C. & I. Co., Broad Top 



The Connellsville coke, made from the Pittsburg Coal Bed 
in the Beehive Oven, stands first on the list, closely follovsred 
by the coke made in open pits from the Miller Coal Bed, bed B 
of the Lovi'er Productive Coal Measures, at Bennington station 
on the Allegheny mountain. 

The v^eakest coke on the list of those tested, the open pit 
coke made by the Rockhill Coal Company from washed Broad 
Top coal, is capable of bearing the burden in an eighty foot 
stack ; and the greater part of the cokes tested will stand up 
in an one hundred foot stack. With reference to our present 
iron makino-, the burden bearing power of cokes may be dis- 
missed with the general statement, that about all of our cokes 
can stand up in the piresent stacks, and most of them have 
much more than the needed strength. 

That is of course of the Pennsylvania cokes, for there are im- 
doubtedly cokes made from dry burning coals which are en- 
tirely unequal alone to bearing the burden of an eighty foot 
stack. Many a bad working furnace is simply worried by a 
too tender coke. The coke mashing slowly under the burden, 
makes a closely compacted mass through which the blast cannot 
penetrate, and the combustion is necessarily imperfect. It is 
mainly to keep this mass from compacting, that furnace men 
use a proportion of coke with their raw coal. The coal has 
abundant heat producing power by itself, but it will not hold 
shape. 

Sulphur is the constituent, always present in greater or less 
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quantities in the coal, that the coke manufacturer desires to 
drive oft". Furnace men do not now attach anything like so 
much importance to the presence of a moderate amount of sul- 
phur in a coal, coke or iron ore as formerly, but even yet the 
expelling of sulphur is an important element in coke manufac- 
ture. 

In making our ordinary illuminating gas for domestic use, 
the object of course is to procure the gas as pure as possible and 
leave the sulphur in the coke. In coking, however, the con- 
verse is the case ; the sulphur as far as practicable is to be ex- 
pelled with the volatile matters and the coke to be left free 
from sulphur. 

As the washing and scrubbing of illuminating gas to free it 
from impurities is attended with considerable expense, much 
time, attention and ability have been given in many places 
to procuring an illuminating gas free from sulphur; while 
much less attention has been given to the sulphur question in 
coke making, it receiving usually slight consideration in discus- 
sing the value of dift'erent ovens and different systems of coking. 
The two processes of coking or making gas for domestic use being 
thus the converse of each other, it would seem as though ex- 
actly what was advisable in the one case must necessarily be de- 
cidedly inadvisable in the other. Thus in gas making it is said 
" it is almost needless to say, that the coal should be dry before 
being used, and that it should be stacked under cover. When 
a quantity of moist coal is thrown into a retort, the outer sur- 
face, after undergoing for some time the action of the fire, is 
converted into coke, and the bisulphuret of iron into proto-sul- 
phuret of iron, over which latter the steam from the interior 
of the mass of coal passes, with, of course, the same result as if 
this proto-sulpburet of iron were purposely subjected, at a red 
heat, to the action of the vapor of water; that is to say, 
the two compounds mutually decompose each other, and give 
rise to oxide of iron and sulphuretted hydrogen, so that by mis- 
management of this, the whole of the sulphur contained in bi- 
tuminous coal may be made to pass off into the gas, and thus 
double the labor and expense of purifaction." 

Again, with reference to gas making, Prof. Chandler says : 
"As the heat continues, these outer layers of coal become con- 
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verted into coke, whicli is soon raised to a red heat. In the 
meantime the heat reaches the interior of the charge, and the 
vapors produced, passing through the red hot layers of coke, 
are in turn converted into fixed gas. As each such successive 
portion of vapor has to pass over a large surface of red hot 
coke, it is more and more completely decomposed, and its per- 
centage of carbon, and consequently its illuminating power, 
reduced. For this reason the quality of the gas deteriorates as 
the process of distillation continues, till, finally, little besides 
hydrogen is evolved. At the last stages of the process the 
sulphur contained in the coke is said to form bi-sulphide of car- 
bon, which is a most objectionable impurity." 

N^ow these very points which are mentioned as being so in- 
jurious in making gas, should be, as far as possible, embodied 
in the process of coking. 

It is not possible by any of the processes of coking now in 
use to drive off all the sulphur ; but the incomplete figures 
concerning the subject show that very varying proportions of 
sulphur are expelled, and that these variations are caused both 
by the method of coking and also by the condition of the sul- 
phur in the coal. 

As to this condition of sulphur in the coal there is still 
much obscurity. Prof. Wormly, of the Ohio Geological Sur- 
vey, publishes numerous analyses showing how small a per- 
centage of the sulphur contained in the specimens of coal an- 
alyzed could have existed in combination with iron, in some 
cases not more than one-tenth of it existing as iron pyrites. 

Mr. M'Creath, Chemical Assistant of the Pennsylvania 
Geological Survey, has also given his attention to this subject, 
but the facts gathered so far do not seem to justify any definite 
conclusions on these points : 

1. "What are the combinations in which the sulphur exists in 
the coal ? and 

2. To what extent its existence as iron pyrites, or in some 
other combination, is favorable or unfavorable to its expulsion 
in coking. 

For instance, the Connellsville coal, as analyzed by Mr. 
M'Creath, contained .784 per cent of sulphur, with .567 per 
cent of iron. This iron requires .648 per cent of sulphur to 
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form FeS2, iron pyrites. Therefore .136 per cent of the sulphur 
oxists not as iron pyrites ; a small portion may exist as calcium 
sulphate. 

Now, in coking this coal in the laboratory, of the .784 per 
cent, of sulphur there remained .512 per cent in the coke, or 35 
per cent of the sulphur was expelled in coking. 

Again, a coal coked in the laboratory, containing 3.88 per 
cent of sulphur, all as iron pyrites, lost in coking 1.66 per cent 
of sulphur, so that 2.22 per cent remained in the coke ; or 43 
per cent of the sulphur was expelled in coking. 

Again, a coal coked in the laboratory, containing in all 8.35 
per cent of sulphur, of which 4.25 per cent, were not in com- 
bination with iron, and 4.10 per cent existed as iron pyrites, 
lost 3.84 per cent of sulphur ; or 46 per cent of sulphur was ex- 
pelled in coking. 

Now, therefore, if 35 per cent of sulphur is expelled when 
six-sevenths of the sulphur exists as iron pyrites and only one- 
seventh in other combinations unknown, and 43 per cent of 
sulphur is driven off when all the sulphur exists as iron pyrites, 
and 46 per cent of sulphur is expelled when the sulphur is 
nearly divided equally between iron pyrites and unknown com- 
binations, it would seem to be necessary to await more facts 
before discussing the effect of the condition of the sulphur in 
the coal. 

In one case, however, where the sulphur exists in the coal as 
gypsum, it is clear that little or none will be expelled in cok- 
ing. In gas coal the presence of the thin films of carbonate 
of lime which frequently occur, are of service, as the impure 
gas turns it into sulphuret of calcium, and it remains with the 
coke. But to the coke manufacture it is a decided injury. 

But while this condition of the sulphur in the coal is of con- 
sequence where the coal is coked directly as it comes from the 
mine, it becomes of the utmost importance where coke is made 
from washed slack coal, as is done in many cases along the 
Youghiogheny and Monongahela rivers, or from washed coal, 
as at Blairsville and in the Broad Top Region. The coal is 
crushed, and the pure coal, being lighter, is floated off, the slate 
and pyrites sinking and being thrown away. It is plain that 
where the sulphur exists as iron pyrites in segregated masses, as 
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" sulphur balls," the greatest amount of sulphur will be re- 
moved in washing ; a lower percentage where the iron pyrites 
as small crystals is scattered through the mass of the coal, 
and least of all where the sulphur is in other form than as iron 
pyrites. 

Mess. Carnegie & Co. are now washing slack coal near Pitts- 
burg successfully.* 

In examining the coke from the Belgian Oven the marked 
difference between the top, the middle and the bottom layers 
is apparent. The bottom coke is heavy, dense, and not of a 
nature to work kindly in a furnace. The same difference be- 
tween the top and the bottom of the coke, when made in Bee- 
hive Ovens, exists, but to a much smaller extent. 

The bottom layers of the Belgian Oven coke are also said to 
be more sulphurous ; and from this is drawn the conclusion 
that in all coking ovens shallow charges are the best. Yet in 
charging the Beehive Ovens for the " Sunday coke," the ovens 

*The slack coal is purchased from neighboring gas coal mines at a merely 
nominal price, and, after passing through a revolving conical screen, 6' long 
and from 4' 6" to 5' 6" diam., is washed in jigging machines of the old Kartz 
type, in which the bottoms are fixed and the water forced up through them 
from an adjoining water cylinder where a piston works. The clean coal is 
removed from the jig box by the blades of a revolving scraper, which car- 
ries a little of the coal out of the box at each revolution ; the shale and py- 
rites accumulate in the bottom of the jig box till the man in attendance 
notices some of these impurities passing out along with the coal. The jig 
box is then emptied and the operation is recommenced. This somewhat 
crude arrangement, though very ingenious in many of its details, presents 
several objections;' it is wasteful of coal, for a portion is thrown away in 
emptying each jig box ; it allows a, certain amount of impurities to go out 
with the coal, an amount depending on the vigilance of the attendant; its 
operation is intermittent, and yet its results are, on the whole, satisfactory. 

There are four jig boxes, each 7' 0" long x 3' 6" wide, worked at Messrs. 
Carnegie's work, and, we are informed, 400 tons of slack coal can be washed 
on them in a day of nine hours. The plunger is worked at the rate of 80 
strokes a minute, the stroke being four inches ; the power required to drive 
the whole apparatus is provided by a small engine, 12"x24", which is foiind 
much more than sufficient when working with a steam pressure of forty 
pounds. 

As the slack comes from the mine it contains about one per cent of sul- 
phur, with a considerable quantity of shale ; the washer removes about ten 
per cent of the charge, some coal being thrown away with the shale, and the 
coke made from the washed coal contains about one-third of one per cent 
sulphur. The cost of washing is stated to be about one-half cent per 
bushel, say twelve cents per ton of 2,000 pounds. The total cost of the four 
washers and machinery for working them is about ^5,000.— Engineering and 
Mining Journal. 
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are charged deeper, and unless the extra time of burning could 
be supposed to overcome the injury inflicted by a deeper charge, 
the seventy-two hour Sunday coke should be more sulphurous 
than the forty -eight hour coke. Yet as a matter of fact, (there 
are no specific analyses,) the seventy-two hour coke is apparently 
firmer, better in all respects and is preferred and bought by steel 
works. There are clearly other important features in the case, 
besides depth of charge, and too much stress should not be laid 
on that one point. 

In Mr. Fulton's paper, appended to this report, he has col- 
lected the statistics of the working of several iron furnaces, 
some of them using coke and some anthracite coal, and after 
the needed reductions and calculations to bring similarity in 
the cases, the average eflacienc}^ of coke as compared with raw 
bituminous coal or anthracite coal is deduced. Mr. I. Lowthian 
Bell's statement can be safely accepted, that the iron master is 
doing well who can make one ton of No. 3 iron with 2,408 
pounde of coke, taking an average of Durham coke and Cleve- 
land iron stone. 

And this practical testing is in this case especially needful, 
for the various investigations into the calorific effects of coal 
have demonstrated some very remarkable facts, in some cases 
the total calorific effect exceeding the proper total of the com- 
bustion of the elements, and in other cases coals similar in an- 
alysis yielding widely different calorific effects. 

In Prof. "Walter R. Johnson's careful series of investigations 
into the power of coals, made for the United States Navy De- 
partment, he considered and tested three cokes : 1. Coke made 
by him from Cumberland coal. 2. Coke from the Richmond, 
Virginia Basin, (Midlothian mine :) and 3. Natural coke irom 
the Virginia Coal Field. The summing up of Prof. Johnson, 
of the value of these cokes as compared with anthracite coal 
and semi-bituminous coal, is given below, simply in tabular 
form, thus : — 

Relative evaporative 

power for equal 

weights. 

Cumberland coal— (Neff's) 882 

Cumberland coke— (Nefif 's) .840 

Lehigh coal .835 

Midlothian coke .807 

Natural coke .792 



Relative rapidity of 

' ion 
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And again : — 

Eela 

IgDlllOU, 

Cumberland coke— (Neffs) .427 

Cumberland coal— (Neff's) .298 

Natural coke .287 

Midlothian coke .250 

Lehigh coal .153 

The above tables, made from experiments conducted on a 
large scale, and with the use of considerable quantities of the 
fuel, probably give a fair average of the calorific eftects. The 
experiments were made with the utmost care. From the boat 
load of Cumberland Coal (Neff's mine) used in testing the 
Cumberland Coal, Prof. Johnson made the coke needed for test- 
ing. He constructed a coke heap of 22,340 pounds of coarse 
and 6,160 pounds of fine coal, and coked it for ten days. 

The coke weighed 82.72 per cent of the coal used ; the loss 
therefore of weight was 17.28*. And as the weight of the 
coke was 31.57 pounds per cubic foot, while the weight of the 
coal was 54.287 pounds per foot, the enlargement of bulk on 
coking must have been 42.25 per cent. (In the Connellsville 
region, in the Beehive Ovens, it has been shown that the en- 
largement of bulk is about 20 per cent.) 

Prof. Johnson's conclusions are: " On comparing the evapor- 
ative power of the pound of coke with that of the same weight 
of ISTeff's coal, it will be observed that the latter was 9.742, and 
the former 8.997. As the waste from coal was, on the day ol 
the first trial alluded to, 11.792 per cent, and 13.515 for the 
coke, the evaporative power in the unit of combustible matter 
in coal is 11.044, and in coke 10.881. Thus it appears that the 
combustible matter in the coke is 5.8 per cent less effective, 
pound for pound, than that in the coal." 

The comparison of the coke with that from Midlothian coal 
and with the ITatural coke, will make it evident that the evap- 
orative power of the combustible matter in each, was almost 
exactly the same, being 10,381 for Neff's Cumberland coke, 
10,343 for Midlothian coke, and 10,389 for Natural coke. But 
while , as just seen, the coke of Cumberland coal is 5.8 less 
effective in its combustible constituents than the coal, in the 

* It is remarkable that this open rick coking could have been thus thor- 
oughly done, burning ten days, without loss of tixed carbon. 
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Midlothian, the reverse is true; the coke is 5.005 per cent more 
efficient in the action of its comhiistible part than the original 
coal is in that of its compound of fixed and volatile combus- 
tibles. The time required by this coke to bring the boiler to 
steady action was 1.166 hour. 

In the preceding article it has been seen that the Midlothian 
coal lost of its weight in coking, 19.14 per ^ent and gained in 
bulk 18.37 per cent. And as it was found that when submitted 
to rapid distillation in a close vessel, specimens of the coal from 
which it was produced lost about 30.2 per cent, it is evident 
that of this quantity there remained in the coke 11.06 parts. 
If the water proved to have been imbibed by the coke, (2.81 
per cent of its weight,) be added to the apparent diminution 
by coking, it will give 21.41 per cent as the quantity of vola- 
tile matter expelled, leaving only 8.79 parts remaining in the 
coke when first raked from the heap. This is but little more 
than two-thirds as much as in the ITatural coke already de- 
scribed, which by an average of seven trials, contained 12.86 
per cent of volatile matter. As above stated, the Cumberland , 
coal lost of its weight 17.28 per cent, and gained in bulk no less 
than 42.25 per cent." 

The cost of coking coal in the Connellsville region can only 
be given approximately, there being slight diflFercnces in the 
cost at each bank of ovens. Taking however, the ovens of Mr. 
J. F. Dravo, as well located and carefully managed as any in 
the region, as the example of economical production of coke, 
the statement as furnished by Mr. Davidson, the superinten- 
dent, is as follows : 
One hundred bushels of coal, mining cost, - - - $1 00 

Hauling and putting in oven, 1 00 

Drawing and loading, - 70 

One hundred and twenty bushels of coke yielded for 2 70 
or 2J cents per bushel. 

This estimate is made on the basis of forty-eight hour coke, 
with seventy-two hour " Sunday coke." To run solely on twen- 
ty-four hour coke should reduce slightly the cost of coking; to 
run on seventy-two hour coke exclusively should slightly in- 
crease it ; the cost of the permanent employes and interest on 
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the plant remaining the same with the larger and smaller out- 
put respectively. 

The above, however, is the minimum cost of making coke 
at well situated ovens, and with the present low prices for labor ; 
but the basin is so even and regular, and the coal runs so un- 
disturbed and so thick, that the average cost of making coke 
in the Connellsville Basin will be about as given above. 

The area of the Connellsville Coal Basin proper, is thirty 
miles by three miles. The coal lies most favorably situated for 
mining over the greater part of the whole area ; and the low 
cost of production, combined with the keen competition in the 
trade, have extended the use of the coke more and more widely 
with each year. It is used now from the valley of the Lehigh 
to the Rocky mountains and the shores of the Pacific ocean ; 
and wherever it obtains a foothold, it is likely, to remain until 
forced out by some very strong competitor. 

In the discussion relative to the amount of sulphur vola- 
tilized in coking, the amount of fixed carbon lost, &c., the na- 
ture of the Connellsville coke as compared with Bennington 
coke, Broad Top coke and others, has already been presented. 

The coke used as Connellsville coke in those discussions, was 
the coke made in the Laboratory at Harrisburg from a quan- 
tity of Connellsville coal ; and to be more certain that the coke 
was a fair average, Messrs. Friek & Co. of Broad Ford, Fay- 
ette county, were requested to forward a quantity of their coke 
to the Laboratory at Harrisburg for examination. This was 
done, and an analysis made of the average of this specimen ; 
about thirty to fifty pounds of coke making the specimen. 

For all practical estimates the analysis of this coke of Frick 
& Co. may be taken as an average, the coke being thoroughly 
burned, and as well made as can be produced by any coke works 
in the Connellsville Basin. The analysis shows (M'Creath) : — 

The coke is exceedingly coherent and compact, with silvery 
lustre and containing some little slate. 

Water at 225° .030 

Volatile matter .460 

Fixed carbon 89 .576 

Sulphur .821 

Ash 9.113 

100.000 
Color of ash, reddish brown. 
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It has been stated that the object in coking is to expel the 
water, the volatile matter, and such of the sulphur as may be 
volatilizable, retaining the fixed carbon and ash as coke. The 
above analysis shovrs how closely that object has been accom- 
plished. 

.For purposes of comparison with the Connellsville coke, it 
was desired to test carefully some other cokes in addition to 
those from Bennington, Johnstown, HoUidaysburg and the 
Broad Top For this purpose, the Snow Shoe Coal Company, 
the Diamond Gas Coal Company, at Eeynoldsville, in Jefferson 
county, and the Fairmount Coal Company, at Fairmount, in 
Clarion countj", were requested to forward specimens of their 
coal and coke, the coal to be the run of the mine and the coke 
an average of the open rick burning done by them at their 
mines. 

The Snow Shoe coal and coke were not received in time for 
testing. 

The Fairmount Coal Company forwarded from their mine in 
Clarion county, specimens of their coal and coke. The coal, 
however, was not the run of the mine, but the slack coal, and 
represents therefore the lower bench of the coal, below the 
bearing in slate. 

The analysis of this coal from the Freeport Coal Bed of the 
Fairmount Company in 1874, showed a very high percentage 
of volatile matters, the specimens for analysis then representing 
the whole thickness of the coal bed. 

The specimen of slack coal representing only the bottom 
bench of the coal bed shows on analysis, (M'Creath :) 

The coal is bituminous slack coal, containing considerable 

pyrites and a large amount of slate. 

Water at 225° 2 .375 

Volatile matter 32.565 

Fixed carbon 49 .955 

Sulpbur 1 . 960 

Ash 13 . 145 

100.000 

Coke per cent, 65 .060. 

Ash, dirt.y grey with red tinge. 

Iroii 1.673 

Sulphur as Fe 82 1.912 

"Free" sulphur .048 
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Sulphur left in coke j Coke made in la- ^ .960 

Percent of sulphur in coke, >boratory from the J 1.479 

Per cent of ash in coke ) above coal ' 20.200 

The Fairmount Coal Company also forwarded a box of the 
coke made from the above coal in open ricks at their mine. The 
coke analyzed, (M'Creath :) 

The coke is porous but coherent, dirty and very slaty, con- 
taining a large quantity of loose particles of slate. 

W^ater at 225° 

Volatile matter 

Fixed carbon 

Sulphur 

Ash 

100.000 
Ash, red with white specks. 

The Diamond G-as Coal Company forwarded from their mine 
at Eeynoldsville, Jefferson county, specimens of their coal and 
coke for testing. 

The coal was analysed at the laboratory of the Survey in 
Harrisburg, and shows (M'Creath): 

Bituminous coal, compact, shining, containing numerous 

small partings of charcoal, pyrites and slate. 

VPater at 225° 1.550 

Volatile matter 34.500 

Fixed carbon 57 .386 

Sulphnr 1.118 

Ash 5.446 



2.045 


1.961 


80.600 


1.111 


14.283 



100.000 

Coke per cent, 63.950. 

Color of ash, cream. 

Iron in coal .812 

Sulphur as Fe S2 .928 

" Free" sulphur .190 

Sulphur left in coke j Coke made in la- ^ .683 

Per cent of sulphur in coke, > boratorj' from the J 1 070 

Per cent of ash in coke ) above coal ' 8 .520 

The coke forwarded by the Diamond Gas Coal Company as 
representing the average coke made at their mine, shows on 
analysis as follows (M'Creath) : 

Coke, shining lustre, rather porous, very slaty and not very 
coherent. 

"Water at 225° .620 

Volatile matter .576 

Fixed carbon 86.056 
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Sulphur 1 .027 

Ash 11.822 



100.000 
Color of asli, red with white specks. 

Of the above cokes, the Fairmount coke cannot be accepted 
as a fair sample of what the coal can make. The coke shows 
over two per cent of water and nearly two per cent of volatile 
matters remaining in it, and the coke has not been completely 
bnrned. It is clear that the coal is capable of making an ex- 
cellent coke, if the coking were carefully and skillfully done. 

The coke of the Diamond Gas Coal Company from Reynolds- 
ville, Jefferson county, is well burned, moderately tough, and 
in general character may be classed as a very good coke. Tak- 
ing the Connellsville coke analysis (p. 78) as the typical good 
coke, it is easy to compare at a glance the above cokes with it, 
and see how favorably the Diamond coke shows alongside of it. 

Mr. Jno. Fulton, General Mining Engineer of the Cambria 
Iron Company, kindly consented to examine into the physical 
qualities and test the burden bearing power of these cokes by 
means of his apparatus designed for the purpose, at his office 
in Johnstown. The results of his examination are embodied 
in the table and description given below. 
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Friek ^ Go's Coal and Coke. 

The Connellsville Coal is peculiarly adapted to coking. It 
holds a sufficient, volume of volatile combustible matter to sup- 
ply the necessary heat in coking, thus preserving its carbon, 
the loss of which is only nine per cent. The amount of slate 
or "ash" in coal and coke is too high ; five per cent in the lat- 
ter is regarded as the maximum of purity. Few cokes, how- 
ever, attain this low percentage of ash. The sulphur has been 
reduced by volatilization in coking, 34.57 per cent, (see table 
B,) leaving in the coke .821 per cent of sulphur, which is 
about an average of coke from this region. 

No data have been furnished showing the percentage of coke 
obtained from this coal, but the inquiries made in the Con- 
nellsville Region showed 63 per cent of coke in the Beehive 
Ovens. 

The phj^sical structure of this coke is shown in table A. 
At the head of it are placed the determinations of the coke 
from the Pittsburg and Connellsville Coke Co. for a standard of 
comparison. 

By carefully comparing these it is manifest that they are so 
nearly alike that no especial distinction should be made. The 
cell space in Frick & Co.'s coke is somewhat less than the 
standard, but this could readily be induced by the use of a 
piece of coke more dense than the average. Why it sustains less 
burden than the standard is not yet definitely settled. In ad- 
dition to the large cellular structure inherited by the Connells- 
ville coke, which facilitates its combustion in the furnace, it 
has also a columnar structure induced in coking by planes, ver- 
tical to the floor of the oven, slicing it into slender pieces, also 
contributing to its ready combustion and energy as a furnace 

fuel. 

Fairmount Coal Company. 

This coal is low in carbon and high in ash and sulphur. It 
holds a good proportion of combustible matter, which would 
make large cells in the structure of the coke. 

The coal requires to be washed to prepare it for use in cok- 
ing. 

This can be readily performed by one of the many methods 
now in use. 



84 L. F. PLATT, COKE REPORT OP 1875. 

The coal should produce in a Beehive Oven 60 per cent. But 
if washed the percentage would be somewhat reduced by the 
consumption of heat in driving off the moisture of the coal 
from the washing process. This is true in all coals requiring 
washing. 

In the coking process 51.02 per cent of the sulphur has been 
volatilized. This is corroborated by Mr. M'Creath's analysis, 
which shows that the bisulphide (Fe Sg) of the coal has been 
reduced to a mono-sulphide (Fe S) in the coke. In other 
words, one part of sulphur has been removed in coking. But 
the percentage of sulphur is still too high, and, as all the re- 
duction that can be made in the coke oven in this coal is a little 
over 50 per cent, it is evident that a further reduction must be 
looked for in the washing of the coal alone. In the process of 
crushing and washing considerable pyrites are thrown out 
bodily ; this will reduce the sulphur very materially, and it is 
the only way in which it can be accomplished. 

The very friable nature of this coke is due to the presence of 
slate discs thickly scattered through the coke, destroying its 
tenacity. 

A thorough cleansing of this coal would give a coke of first 
class physical structure, and I believe desirable in many re- 
spects for furnace use. 

Diamond Gas Coal Company. 

This coal approaches the Connellsville in general chemical 
structure. It has nearly an equal amount of carbon, more vola- 
tile matter and less ash. It should give a purer coke, with the 
single exception of sulphur. 

The coke exhibits capacity for bearing furnace burden nearly 
equal to the Connellsville, but it lacks somewhat in cellular 
space. 

The coal of the Diamond Gas Coal Company, as well as the 
coal of the Fairmount Coal Company, require thorough cleans- 
ing to produce a pure, clean coke for use in blast furnaces. 

The general relationship of Connellsville coke to other Penn- 
sylvania cokes, and its decided average superiority, have been 
suiSciently brought out in the different comparisons made in 
various parts of this chapter. 
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The enormous thickness of the Pittsbure: coal bed in the 
Connellsville coke basin is as astonishing as its exceptional 
coking cliaracter. It yields from eight to eleven feet of clean 
coal, 13,000 to 17,000 tons of coal to the acre, of which gross 
amount probably 10,000 to 12,000 tons to the acre are or easily 
can be won out. Even with the heavy output of coal needed 
to supply the coke ovens of the Connellsville Region, the area 
of coal annually consumed is comparatively small ; and years 
more of such a yield, or even an increased one, will scarcely 
affect materially the gross capacities of the basin. 

It is not necessary here to retabulate the Western coals and 
cokes, some of which will be found in the appendix, (p. 121.) 
It may be safely stated that the West has produced as yet, in 
quantity, no coke equal in character to the Connellsville Coke, 
and the Western market must extend year by year. 

The shipments of Connellsville coke to the iron furnaces in 
the Central and Eastern parts of Pennsylvania have only 
grown up within a few years past, and as yet the trade is 
small. At the present rates of anthracite coal and Connells- 
ville coke there is no economy to the anthracite furnace in the 
use of coke, but the furnace men report that the " admixture of 
some coke with anthracite makes the furnace work bettei'." 

The economical utilization of tfcie enormous waste lieaps of slack coal of 
the anthracite region stands in the way of an extensive increase of ship- 
inents of coke to the eastward. 

The method of Mr. Loiseau has been repeatedly described in full, and is 
well known. 

For purposes of comparison, a description is given below of the method 
now employed in Wales to utilize the waste heaps of fine coal d'lst by cok- 
ing it up with bituminous coal and pitch . The description is from a paper 
read by W. Hackney, B. Sci., before the Iron ani Steel Institute of Man- 
chester, England, and reprinted in the Am,erican Manufacturer. It is safe 
to say that if even a part of the valuable results claimed by Mr. Hackney 
are realized in practice, the question is of importance as affecting decidedly 
the question of eastern shipments of coke in the future. 

The materials used are any quality of anthracite or semi-anthracite, if free 
from shale or stones, good bituminous or binding coal and pitch, in the fol- 
lowing proportions : 

Anthracite 60 

Bituminous coal 35 

Pitch 5 

100 
Specimens are on the table of coke made of Messrs. Brock & Sons' an- 
thracite, from Cwmllynfell colliery, near Cwm Amman ; of a mixture of 
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this with Yniscedwyii anthracite, and of culm or semi-anthracite from Birch 
Rock colliery, near Pontardulais. The bituminous coal used in making all 
the samples exhibited is that from Tyrissa colliery, near Swansea. 

The materials are passed, together, through a Carr's disintegrator, to crush 
and mix them ; the proportions in which they are mixed being regulated by 
supplying the feeding hopper of the disintegrator by three elevators, one 
carrying up each constituent, and each provided with buckets of such size 
and number as to bring up the relative quantity required. Samples are 
shown of the anthracite, bituminous coal and pitch, in the condition in 
which they are supplied to the disintegrator, and of the crushed mixture 
produced. 

The ovens used are of the oblong shape generally employed in South 
Wales, 15 feet long by 5 feet 7 inches wide at the back, and 6 feet 2 inches in 
front, and 4 feet 4 inches high to the under side of the arch. Each oven is 
charged through aholein the roof,with about four tons of the crushed mixture; 
this is levelled by a rabble put in through the door at the end, and a small 
quantity of bituminous coal, sufficient to form a layer about 2 inches thick, 
is thrown in and spread uniformly over tlie surface. The oven is then 
lighted by throwing a few shovelfuls of hot embers on the top of the charge, 
immediately inside of the door, and the coking is managed as In working an 
ordinary charge of bituminous coal. The object of covering the charge with 
a layer of bituminous coal is to prevent the burning away of the pitch, and 
its use appears to be essential for the production of a hard and strong coke. 
Ordinary slack, of the same quality as that in the mixture, is used for the 
covering ; this is mostly very small, but it is not specially crushed. 

Rather more than two charges per week are made in each oven ; the coke 
is watered in the oven, and is then drawn out in one mass by a chain and 
hand winch. 

Thcyield of coke is eighty per cent, of the weight ot the charge. The coke 
is steel gray in color, and very much harder than the anthracite from which 
it is made ; so hard, indeed, that it scratches glass with comparative ease. In 
a common fire, or under the action of a blast, it burns away without showing 
any tendency to crumble or decrepitate. Tt is about twenty-three percent, 
heavier than the best coke made from Welsh bituminous coal ; so that in 
sending a cargo abroad, recently, a vessel that could not carry more than 
two hundred and forty tons of ordinary coke, was able to take in as much as 
three hundred and ten tons of anthracite coke. Another valuable conse- 
quence of the dense compact character of the coke, in addition to the saving 
in cost of carriage is, that even if soaked in water it talies up very little, only 
from 1.5 to 2 per cent, of its weight; while many kinds of ordinary 
coke absorb readily ten per cent, or more. The coke is harder, and more 
dense, the finer the materials are crushed and the more intimately they are 
mixed. 

In-practical use, both in the cupola and in the blast furnace, the coke, so 
far as it has been tried, has given remarkably good result. These are proba- 
bly due in part toils hardness and density, or rather to the high temperature 
required to set it on fire, which brings the zone of combustion closer to tlie 
tuyeres, and diminishes the waste of fuel in the upper part of the furnace, 
caused by the transformation of C O2 into C O ; and in part to its freedom 
from water, and the small amount of ash that it contains. 

In a small foundry cupola, in which one pound of good Welsh coke, that 
from Bryndu, near Bridgend, melts ten pounds of iron, one pound of anthra- 
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dte coke melts sixteen pounds, and the metal is hotter when tapped out ; 
and In a trial carried out at Messrs. Tangye's works near Birmingham, an- 
thracite coke melted well with twenty-flve per cent more burden than that 
placed on ordinary coke, and would probably have done more, but the man- 
agers were unwilling to run any risk of deranging the working of the cu- 
pola, and did not push the experiment further. 

In a trial made in one of the blast furnaces at Landore, working on spie- 
geleisen, the burden, in using anthracite coke, was increased twerty-eight 
and one-half per cent, and tho economy might probably have been raised to 
thirty per cent or more, but the stock of coke in hand was not sufficient to 
admit of carrying on the experiment. The Landore Company are, however 
so satisfied of the value of the coke, that they have nearly completed prepa- 
rations for making it in all their ovens, and using nolhiog else in their two 
blast furnaces. 

The cost of anthracite coke is about the same as that of the best ordinary 
coke made in the district. Anthracite in Wales is about two shillings a ton 
cheaper than bituminous coal — an economy in one constituent that balances 
the extra cost of the pitch ; and in making best ordinary coke, the coal used 
is ground, at a cost of about six pence a ton, just as in the case of coke from 
anthracite. The yield of eighty per cent in coking anthracite, against sev- 
enty per cent or less in coking bituminous coal, is a gain in favor of the for- 
mer. 

The cost of the crushing and mixing arrangements, to grind 1,000 tons a 
day, is estimated by the inventors at from £2,000 to £2,500. This would in- 
clude a six foot three inch disintegrator, with driving powers, elevators and 
shed. 

The process has been carried on near Swansea for about nine months, and 
though it was suspended for some time, during last winter, on account of 
the colliers' strike, between 2,000 and 3,000 tons have in aU been nf r.de. 
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CHAPTER VI. 

TOTTGHIOOHENY GAS COAL TRADE. 

In the Connellsville coke region described in chapter IV, the 
coal mined is used almost exclusively for coking purposes, only 
a very fractionaj percentage being for steam coal, gas coal and 
house use. 

In the Gas Coal Region now to be described, though the most 
of the coal is shipped to market for gas coal, yet there are also 
numerous accompanying coke ovens. 

The Waverly Coal Works at Smith's Mills station, on the 
Pittsburg and Connellsville railroad, are mining on the Pitts- 
burg Coal Bed. The coal shows six feet one inch thick, with 
two small bearing in slates at one foot above the Hoor, and 
bone coal of irregular thickness, varying from four inches to 
one-tenth of an inch , at four feet above the floor of the coal. 

The rider of coal is very much parted by clay layers. It is 
two feet six inches thick and is separated from the main bed 
by one foot of clay. The floor shows slate, with iron pyrites. 
Slate. Fig. 10. 

Rider I 2' 6" 

Clay — I 1' 0" 

Coal ^^&BB|H 2' 1" 

Bone coal, irregular. M^^^^^^^S 

Coal H^^^^^H ^' ^" 

Slate and coal , ^^H^HHH "' *" 

Coal BHHMHH r o'' 

Slate and pyrites in floor. 

The coal when mined is screened at the tipple ; the lump coal 
being used for gas and steam purposes, the nut coal for steam 
and foundry uses, and the slack for coking. 

The coal is mostly shipped as gas coal, and principally to 
Locust Point, Baltimore. The daily output of the mine is 
forty cars, four hundred and forty tons. One hundred and 
sixty-five diggers and eight haulers are employed. 

There are also at these works twenty Beehive Block Ovens. 
The charge is one hundred and twenty-five bushels of slack 
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coal, and they are run on seventy-two hour coke. As the slack 
contains the bearing in slate and its pyrites, greater proportions 
of these are found in this coke than from coke made from the 
run of the mine. 

The Youghiogheny llTational Coal Company, at West New- 
ton, work the Pittsburg Coal J3ed. The coal is developed by 
a shaft seventy-eight feet deep, making the coal about fifty-five 
to sixty feet below the level of the Youghiogheny river. The 
coal bed is over six feet thick, of which five feet six inches are 
mined, one foot of sulphurous coal being left in the floor. There 
is a bearing in slate, but the usual slate at four feet above the 
floor of the coal is absent. 

Slate. Fig. 21. 

Rider 2' 6" 

Softfire-olay 1' 0" 



Coal. 



Bearing in slate. 

Coal 

Sulphurous coal. . 
Fire-olay. 



The rider of coal is found above the main coal and separated 
from it by one foot of soft fire-clay. Ten to twelve cars of 
lump coal for gas purposes, are shipped daily from this mine to 
Locust Point, Baltimore. Four men are employed outside. 

Messrs. Heath and "White, White Heath station, Pittsburg 
and Connellsville railroad, are working the Pittsburg Coal Bed. 

The coal is from thirty feet to forty feet below the Youghio- 
gheny river level, the small overlying limestone coming to day- 
light a short distance above the works. The coal measures six 
feet in thickness ; the lower one foot is sulphurous, and is not 
worked, and five feet of coal are taken out. There are two 
small bearing in slates, three inches apart, one foot above the 
bottom of theworked coal. The face of the coal is N. 70° W. ; 
S. 70° E. 

The shipment of coal from these works is twenty cars daily, 
(220 tons,) for gas making purposes entirely. Some of the coal 
goes to Baltimore, but the bulk of it is shipped to New York 
via Baltimore. Ninety men are employed. 

The Black Ball Coal Works are located one mile below White 
& Heath's. 
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They mine the Pittsburg Coal Bed, but were not working at 
the time of the examination. Their capacity is about three 
hundred to four hundred tons daily. 

Messrs. Markle & Son are operating about one-fourth of a 
mile below the mouth of the Big Sewickley creek. They mine 
the Pittsburg Coal Bed, and tlieir mine has a capacity of twenty 
to thirty tons daily. Their coal goes to the paper mill at West 
Newton. The coal at their mine is seventy feet above the 
Youghiogheny river level. 

The Penn Gras Coal Company have a siding running up the 
Big Sewickley creek to Irwiu's Station, on the Pennsylvania 
railroad. 

They have Youghiogheny mines Nos. 1, 2, 3 and 4, opened 
on the Pittsburg Coal Bed. They mine four feet six inches of 
coal ; the face of the coal is north 65° west, and south 65° east. 

Mine ITo. 3 is not yet opened for shipment. 

They ship (September, 1875,) 25 cars (275 tons) daily, all for 
gas making purposes. Two-thirds of this amount go via the 
Pennsylvania railroad to Greenwich Point, and one-third to 
Pittsburg and Cumberland, via the Pittsburg and Connells- 
ville railroad. 

It is calculated to ship 150 cars daily from these works when 
run to their full capacity. 

Two hundred and fifty men are employed. 

Mr. Thomas Moore is operating the Ocean Mines at Moore's 
Station, on the Pittsburg and Connellsville railroad. 

He works the Pittsburg Coal Bed, here about forty to fifty 
feet above the level of the Youghiogheny river, and rising 
gently to the northwest. The mine shows six feet of coal, 
with the usual bearing in slates ; the lower one foot carries too 
much iron pyrites, and is not worked, the mine yielding there- 
fore five feet of clean coal. 

Fire-clay roof. Mg. 22. 

Coal ""* ^^^H^B 8' ^' 

Bearing in slate. ^^^^Hl^^H 

Goal H^^HI^I I' 8" 

Pyritous coal ^^^^^^^^| 1' o'' 

Fire-clay. 

The mine was yielding in August, 1875, seventy cars, or 
seven hundred and seventy tons daily, and the operator intended 
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to raise the output to one hundred cars daily. The coal is ship- 
ped for gas making purposes, and goes chiefly to New England 
via Baltimore. Three hundred and ten men are employed. 

Messrs. C. H. Armstrong & Son are operating north of Moore's 
Station. They are mining on the Pittsburg Coal Bed, which 
shows here also as described above. The coal lies seventy feet 
above the Youghiogheny river level. 

The mine shipped 8,830 tons of coal in June, 1875, nearly all 
for gas making purposes, but some little of it for steam coal. 
It goes bDth east and west of Pittsburg. One hundred and 
fifty-five men are employed. 

The Youghiogheny Coal Hollow Coal Company are operating 
at Shaner's station, on the Pittsburg and Connellsville Railroad. 
They are mining on the Pittsburg Coal Bed, which is here fifty- 
five feet above the level of the Youghiogheny River ; the coal 
shows a section similar to that already described at Moore's 
station. 

The company ships forty cars (440 tons) of coal daily, all for 
gas making purposes. Of this amount, three-fourths goes to 
Baltimore and the balance to Cumberland to ship by water. 
Two hundred and thirteen men are employed. 

In the coke works attached tliere are twenty Beehive Bank 
Ovens, in size 12' X 6'. The charge is one hundred bushels of 
coal slack, with the usual Friday and Saturday increase. The 
ovens are worked as usual and are run upon forty-eight hour 
coke, shipped to Sharon and ]!fewcastle. The product is two 
cars (1,250 bushels) daily. 

At this mine the coal slack is washed before coking.* 

Mr. N. J. Bigley is operating the Bigley Mines at Alpsville 
station, on the Pittsburg and Connellsville Railroad. 

* Mr. Young describes the washing machinery at these works as follows : 

"The slack coal falls from the tipple screen into a hopper, from which it 
is carried by an elevator of the kind used in flouring irills, to a screen with 
four sized mesh, which separates the slack into different grades. 

"Each grade of slack falls upon a dasher liberally supplied with water. 
The impurities, as they are removed, fall upon a valve worked by hand 
power ; the coal is carried by the water to the drying apparatus, a cylinder 
of brass wire gauze. f"rom this cylinder the coal passes into the hopper, 
whence it is removed by an elevator similar to the former' one to the hopper 
from which the larry is charged. 

"The resultant coke is a very beautiful article." 
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The mine is opened on the Pittsburg Coal Bed, which is here 
over two hundred feet above the level of the Youghiogheny 
river. The coal shov;s as before described, yielding live feet of 
clean coal. The output is forty cars daily of lump coal, and 
twenty cars daily of slack coal ; half of which latter is shipped, 
the rest being coked. 

The coal is shipped hj rail to a point on the Youghiogheny 
river, several miles below the mine, where it is transferred to 
barges and shipped to points along the Ohio and Mississippi 
rivers, some of it going as far as New Orleans. Occasionally 
some coal is shipped east to Baltimore. 

There are thirty-five Beehive ovens attached to these works, 
tea of them at the wharf. The size of the oven is ll'X5J'. 
The charge is of coal slack, and the ovens are worked as usual, 
running on forty-eight hour coke. The product is three cars 
(1,875 bushels) daily. 

( The coal slack at this mine is washed previously to coking, 
as at Shaner's station. Two hundred men are employed. 

Messrs. C. H. Armstrong & Son are operating at the Osceola 
Coal Works, Osceola station, on the Pittsburg and Connells- 
ville Railroad. They work the Pittsburg Coal Bed in its aver- 
age size and purity in this region. The output of their mine 
is fifteen to eighteen cars daily of lump coal, and fifty per cent, 
of slack coal. This is all used in the mills, puddling furnaces, 
&c., being shipped by rail to Pittsburg. One hundred and fifty 
men are employed. 

Messrs. Cornell & Werling are operating at Ellrod station, on 
the Pittsburg and Connellsville Railroad, the works being on 
the west bank of the Youghiogheny river. They work the Pitts- 
burg Coal Bed in full size, and here about one hundred and 
twenty-five feet above the river. The product is 14,000 bushels 
of lump coal, 3,50 D bushels of nut coal, and 3,500 bushels of 
washed slack coal daily, all of which is shipped for gas making 
purposes to Cincinnati. Two hundred miners, fifteen laborers 
and six rivermen and washers are employed. 

Mr. James Neil is operating his mine about one-fourth of a 
mile north of Ellrod station. He is workina: the Pittsburo- 
Coal Bed, and the product of his mine is 8,000 bushels of lump 
coal and 1,000 bushels of slack coal daily, all of which is shipped 
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as gas coal to Pittsburg by river. One hundred and fifty men 
are employed. 

Mr. John Penny is operating his mine one mile above M'- 
Kee^port. [No statistics were furnished.] 

Messrs. Stone Brothers have their works at the confluence 
of the Monongahela and Youghiogheny rivers. They work 
the Pittsburg Coal Bed, which j-ields here four feet five inches 
of clean coal, with the usual bearing in slate. The output of 
the mine is 12,000 bushels of coal daily, which is shipped by 
river to Cincinnati, St. Louis and other river ports. There are 
five Beehive Bank Ovens of the usual size. The charge is 125 
bushels of unwashed slack coal, increased on Friday and Sat- 
urdaj'. The ovens are run upon twenty-seven hour coke, which 
is shipped to Cincinnati, to mills, furnaces, breweries and to the 
M'Keesport rolling mills. One hundred and sixty men in all 
are employed. 

Mr. William ITea] is operating opposite M'Keesport. He is 
mining on the Pittsburg Coal Bed, which yields its average of 
four feet six inches of clean coal. The output of the mine is 
8,000 bushels of lump coal, and 1,500 of coal slack and nut coal, 
the latter of which is shipped. The coal is sent down the river 
to Cincinnati and beyond. There are four Beehive Ovens, in 
size 12' X 6', charged and worked as usual ; they run on forty- 
eight- hour coke, which is shipped with the coal. Seventy-five 
men are employed. 

Messrs Neal & Oliver are operating just north of the "William 
Neal mine. They work the Pittsburg Coal Bed, of the average 
size, and two hundred feet above the river. The output of 
the mine is 11,000 bushels of lump coal, and 1,200 bushels of 
nut coal daily ; the slack coal is not used. The coal is shipped 
by water doR'n the Ohio and Mississippi rivers. One hundred 
men are employed. 

Mr. W. II. Brown is operating at Saltzburg station, on the 
Pittsburg and Connellsville Eailroad. 

The mine is on the Pittsburg Coal Bed, which is of full size 
and in excellent condition. 

These lower works put out 12,000 bushels of lump coal daily. 

There are twenty-four Beehive Bank Ovens. The charge is 
one hundred and twenty-five bushels of coal slack, and the 
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coal is burned to order. Both the coal and coke are shipped 
to the river ports. One hundred and seventy-two men in all 
are employed. 

The upper works run the same. 

The Braddock's Field Gas Coal Company are operating at 
Braddock's Station. They mine the Pittsburg Coal Bed, four 
and one-half feet thick ; the output of the mine being one 
hundred and sixty tons of lump coal and six hundred bushels 
of nut coal. The slack is hauled away. 

The coal is shipped by the Pennsylvania Railroad Company 
to Pittsburg to the company's yards and to the Pittsburg 
Forge and Iron Company, where it is used mainly for steam 
coal. Forty diggers and ten laborers are employed. 

Messrs. Corey & Co. are operating at Braddock's. They 
mine the Pittsburg Coal Bed of full average thickness. The 
mine output, when running full time, is twenty-five cars (275 
tons) of lump coal daily and 15 per cent of nut coal. The coal 
is shipped to Pittsburg for gas making purposes. 

There are forty Beehive Bank Ovens. The charge is one 
hundred bushels of unwashed coal slack, and the ovens are 
run upon seventy-two hour coke, or to order. The coke goes 
to J. F. Dravo. 

Messrs. Redmond & Fawcett are operating on the "West of 
the Monongahela river, opposite Braddock's. They work the 
Pittsburg Coal Bed, here about two hundred feet above the 
river. The bed yields four feet five inches of good coal, which 
is worked, and one foot eight inches of poor coal in floor, 
which is not lifted. The output of the mine is 10,000 bushels 
of lump coal and 25 per cent of nut and slack coal daily, all 
of which is shipped to Louisville and New Orleans. One hun- 
dred and twenty miners and twenty laborers are employed. 

Messrs. M'Kinney & Bro. are operating just above, on the 
Pittsburg Bed, in the same condition and of the same size, and 
ship 6,000 bushels of coal daily. 

Messrs. H. B. Hays & Bro. are operating at Hays' Station, on 
the Pittsburg, Virginia and Charleston Railroad. They work 
the Pittsburg Coal Bed, four feet six inches of coa], and put 
out from the mine 11,000 bushels of coal daily. This is ship- 
ped by river to Cincinnati and Louisville. The nut and slack 
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coal are sold. One hundred and ninety men in all are em- 
ployed. 

The Beck's Run Company are operating one mile north of 
Hays'. They mine the Pittsburg Coal Bed, of average size, the 
output of the mine being 14,000 bushels of coal daily. Some of 
this is shipped by rail, the balance Messrs. Simpson, Harker & 
Son take by river to New Orleans. Two hundred and ten men 
are employed. 

The total amount of this gas coal shipped from the Valley 
of the Youghiogheny is very great, and though the increase of 
shipments are temporarily checked by the stagnation in busi- 
ness and consequent economy in the use of materials of all 
kinds, yet the growth of the gas coal shipping has been so 
steady and for so many years, that it is safe tO say that when 
business is again in its normal condition the growth of the 
trade will go on at about the same rate as before. 

The region is well situated for shipment of coal, either east, 
west or south-west. The mines are opened directly on the slack 
water navigation of the Youghiogheny river, thence on to the 
Monongahela, the Ohio and the Mississippi rivers, these rivers 
to-day being the greatest single coal bearer of the world. And 
the water shipment has the great advantage, moreover, that 
the trade is capable of sudden and great increase when the ship- 
ments are needed. 

But in addition to the shipments by this great water avenue 
to the west and south-west, extensive shipments are made east 
to Baltimore, by the Pittsburg and Connellsville Railroad via. 
Cumberland, and from there to other points in ihe east ; and 
also east by the Pennsylvania Railroad. 

The coal is well known and highly esteemed for its excellent 
character, and it is used as a gas coal at points widely scattered 
over the United States. 

It must be borne in mind that the amount of volatile matter 
as expressed by a chemical analysis of different coals, by no 
means expresses exactly their relative powers as gas producing 
coals. "When the water in the coal is simply given as a part 
of the volatile matters, and included in them, it must be noted 
that the oxygen in passing off, partly combined with hydrogen 
as water, and partly with carbon as carbonic oxide and carbonic 
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acid gas, not merely reduces the nominal amount of useful 
volatile matter, but actually neutralizes a part of the gas pro- 
ducing element of the coal. 

But even where the water is given separately and the useful 
volatile matters given together, there are striking differences 
in the amount of illuminating gas yielded by coals having al- 
most the same chemical analysis. The laboratory of the Penn- 
sylvania Geological Survey has not yet conducted any re- 
searches into this matter, and the conclusions of Prof. Wormley, 
as condensed in the Ohio Geological Report for 1873, are given 
below, more especially as his investigations included also ex- 
aminations of these Youghiogheny gas coals. The report says: 

"A coal which contained only 27.70 per cent of volatile com- 
bustible matters evolved 3.32 cubic feet of fixed gas per pound, 
whilst another, which contained 38.80 per cent of volatile com 
bustible matter, evolved only 3.03 cubic feet per pound. Of 
fourteen samples tested, the average volatile combustible matter 
was 33.54 per cent, and that of the fixed gas in cubic feet per 
pound of coal was 3.306. Gas works practically obtain more 
gas per pound than the chemists, doubtless through a re-distil 
lation of tarry matters and their conversion into permanent 
gas." Prof. Wormley also suggests, " that at such works, the 
measurement is taken at a higher temperature ; a difference of 
five degrees changing the volume of gas about one per cent. 
From a fair average sample of Youghiogheny coal, Prof. 
Wormley obtains only about three and a half cubic feet per 
pound, whereas in the ordinarj' manufacture of illuminating 
gas, this coal as is well known, yields about four cubic feet per 
pound of coal." 

There rests, however, no uncertainty upon the capacity of 
the Youghiogheny gas coal for furnishing illuminating gas ; it 
has been practically tested in hundreds of gas works, and its 
powers are well known. The illuminating power of the gas 
furnished is high, about fourteen candles ; not indeed so high 
as some other coals, for in rare instances the gas furnished will 
average eighteen candles, but higher than the average of gas 
coals. 

Already in the previous chapters the quantity of sulphur 
present with the coal, and its conlition have been sufficiently 
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dwelt upon ; the sulphur percentage, as already shown, ruling 
much below the average for coals. 

The gas coal trade rests upon a well assured basis. The nat- 
ural gas, as far as we now have it, possesses only a moderate il- 
luminating power. At present there seems nothing to look 
forward to except a steady growth of the gas coal trade, a 
growth proportioned to the increased population and wealth of 
the regions to which this Youghiogheny coal now goes as a gas 
coal 
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CHAPTER VII. 

Iron Ores and Fire- Clays. 

The general geology of the Youghiogheny "Valley, as al- 
ready given, notes where the Lower Productive Coal Measures 
are the country rock, and gives sections showing these meas- 
ures as exposed along Dunbar creek. Mount's creek and Ja- 
cob's creek.— (Figs. 1 and 2. Plate III.) These vertical sections 
show the rocks below the Serai Conglomerate of XII, the 
measures between the Serai Conglomerate and tlie Mahoning 
Sandstone, and the Barren Measures between the Mahoning 
Sandstone and the Pittsburg Coal Bed. 

There are two marked and productive horizons of iron ore 
in the Youghiogheny Valley and its subordinate branch val- 
leys : 1. The iron ores just under the Pittsburg Coal Bed, 
and, 2. The iron ores underlying the Serai Conglomerate. 
Besides these there are intermediate iron ores developed on 
Jacob's creek ; there is an iron ore bed of some regularity in 
the Freeport Group at other points, and there are other iron 
ores in the Barren Measures. For the region on Dunbar creek, 
in fact from Connellsville to six miles beyond Uniontown, the 
iron ores below the Pittsburg Coal and below the Serai Con- 
glomerate are the oies now worked for furnace use. 

The Fairchance Iron "Works, in Fayette county, six miles 
south-west of Uniontown, have run for many years on the 
iron ores just below the Pittsburg Coal Bed, using them alone, 
without admixture of Lake Superior iron ores, and making a 
brand of iron well and widely known for its high character. 
These works are not now running, but the same measures are 
opened up two miles north-east of Fairchance, and four miles 
south-w-est of Uniontown, at Oliphant's New Furnace. The 
only iron ores worked at this place are those just below the 
Pittsburg Coal Bed ; the iron ores under the Serai Conglomerate, 
it is reported, not being either in quantity or quality to j ustify 
working. 

The openings for the furnace are on the eastern outcrop of 
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the Pittsburg Coal Bed, at the west foot of Chestnut Ridge 
Mountain. The measures lie nearly horizontal, and the Pitts- 
burg Coal has over an area of some acres at the outcrop only 
a few feet of cover over it. But the roof is firm and tight 
and keeps the coal in perfect order, and it is stripped and quar- 
ried, instead of mining. A vertical section of the Pittsburg 
Coal Bed and the underlying iron ores measured at Oliphant's 



Furnace, shows thus: 



Fig. 2S. 
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In addition to these ores there is an iron ore bed, apparently 
regular though small, opened up in the meadow east of the 
Furnace. This ore, which is here about sixty feet below the 
Pittsburg Coal Bed, is called, locally, the " Yellow Flag" ore. 

Specimens of these iron ores were forwarded to the Labora- 
tory of the Survey in Harrisburg. 

Complete analyses of the Blue Lump and the Big Bottom 
iron ore yielded as follows (M'Creath) : 

The Blue Lump ore is a clay carbonate iron ore, exceedingly 
hard and compact, and minutely crystalline, bluish gray with 
conchoid al fracture. 

The Big Bottom ore is a clay carbonate iron ore, hard and 
compact, with small seams of limonite, and with conchoidal 
fracture. 
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Blue Lump. Big Bottom. 

Phosphoric acid .204 .096 

Sulphuric acid Trace. Trace. 

Carbonic acid 34.900 34.450 

Water 1.395 1.090 

Carbonaceous matter .730 .640 

Insoluble residue 5 .790 7 .450 

99.905 100.401 

Iron 39.000 35.500 

Sulphur .011 .145 

Phosphorus .089 .042 

In addition to these ores above, specimens of the Blue Lump 
Flag ore, the Red Flag ore and the Yellow Flag ore were for- 
warded to the Laboratory of the Survey, and yielded on analy- 
sis (M'Creath): 

The Blue Lump Flag ore is a carbonate ore, blue, hard and 
compact, with a sub-conchoidal fracture. 

The Red Flag Ore is a carbonate ore, hard, compact, reddish 
gray, and showing small crystals of pyrites. 

The Yellow Flag Ore is a carbonate ore, hard and compact, 
crust hematitic, outside surface yellowish brown, fresh fracture 
bluish gray. Structure, flaggy. 

Blue Lump Red Yellow 

Flag Ore, FingOre. Flag Ore 

Iron 37.500 35.800 35.400 

Sulphur 041 .047 .319 

Phosphorus 505 .083 .069 

Insoluble residue 5.670 9.560. 10.450 

The limestone overlying the Pittsburg Coal Bed about sev- 
enty-five feet, which makes all through this region an excellent 
flux for furnace use, is opened up for the use of Oliphant's Fur- 
nace. A specimen of the limestone forwarded to the laboratory 
of the Survey yielded on analysis (M'Creath) : 

Limestone hard and compact, of a very dark color, minutely 

crystalline, and spotted with pyrites. 

Carbonate of lime 80 .647 

Carbonate of magnesia 2 .217 

Carbonate of Iron 1 .657 

Bisulphide of iron 1.125 

Alumina .543 

Sulphuric acid .052 

Phosphoric acid .066 

Water I.OIO 

Carbonaceous matter 1 .250 

Insoluble residue 10.770 

99.337 
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Iron 1 .300 

Sulphur .621 

Phosphorus .029 

A specimen of what is known as the " Limestone Ore" was 
also forwarded hy the Superintendent of the Furnace, and 
yielded on analysis (M'Creath) : 

Limestone ore, hard and compact, bluish gray, showing con- 
siderable pyrites. 

Iron 11 . 100 

Sulphur .313 

Phosphorus .018 

Carbonate of lime 43.285 

Carbonate of magnesia 2 .747 

Insoluble residue 26 .090 

These ores show a freedom from phosphorus rather remark- 
able in carbonate iron ores ; the only one showing any consid- 
erable percentage of it, the Blue Lump Flag ore, with .505 per 
cent, is a condemned ore and not used in the furnace. 

Special attention has been given to this ore deposit on ac- 
count of the excellent grade of iron which they produce, and 
the regularity with which they accompany the Pittsburg Coal 
Bed through this part of the basin. Lying moreover as they 
do, directly under the floor of the coal bed, and in clay, which 
aflrords easy mining, they are taken out cheaply. The coal 
bed, worked at the same time, affords the best qualitj' of coal 
for coking. 

This valley therefore presents an unusually favorable loca- 
tion for making cheaply a good grade of iron. At the Fair- 
chance iron works, the superintendent states that the regular 
mixture of the ore was one-third Blue Lump ore, one-third 
Big Bottom ore, and one-third Red Flag ore. Three tons of 
ore going to make one ton of pig metal. 

" IS'inety-five bushels of coke were estimated to the ton of 
iron; and coking Connellsville coal (Pittsburg Bed) in open ricks, 
it yielded about 50 per cent of coke." 

If the above statement with reference to coking be accurate, 
it shows great waste in the open rick coking. In the Beehive 
Oven the same coal yields (as shown in chapter V) to every one 
hundred bushels of coal (7,600 pounds) one hundred and twenty 
bushels of coke, (4,800 pounds ;) but the 50 per cent average, 
as stated above, would yield to one hundred bushels of coal, 
(7,600 pounds,) only ninety-five bushels of coke (3,800 pounds.) 
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The new furnace and mines are on a railroad route, located 
and graded, but not yet ironed. But the South-west Pennsyl- 
vania, starting at Greensburg, on the Pennsylvania railroad, 
running parallel with the Uniontown branch of the Pittsburg 
and Connellsville railroad, from Connellsville to Uniontown, is 
intended to continue on from the latter place to Fairmount on 
the Monongahela river, thus bringing to a market this eastern 
outcrop of the Pittsburg coal and its underlyiag ores for many 
miles. 

Preliminary estimates of the cost of making iron in any re- 
gion are notoriously delusive, it seeming to be inevitable that 
there shall be in them some sius either of omission or commission 
which render them inaccurate in practical working. The state- 
ments below are of contracts made and in operation at the Oli- 

phant furnace. 

Coal in coke yard, 100 bushels at ^ cent $0 50 

Ninety-five bushels of colie, 1| cents for coking 1 42 

Iron ore, 3 tons at $2 6 00 

Limestone, 1 ton at 40 cents 40 

8 32 
Labor, furnace expenses, &c 8 00 

16 32 

The latter item for labor, &c., ($8 per ton,) is estimated ; the 
other figures are given by the Superintendent as exact.* 

Going north-east from Oliphant's Furnace there are no open- 
ings in the iron ore below the Pittsburg Coal now being worked, 
(July, 1875,) for furnace use until reaching Dunbar Furnace 
Mines. But the iron ore is shown in numerous places where the 
coal is mined. 

Messrs. Ewing & Boyd, at Lemont Station, on the Union- 
town branch of the Pittsburg and Connellsville Railroad, have 
opened for their new furnace an iron ore bed lying about three 
hundred and fifty feet below the Pittsburg Coal Bed. 

The ore ranges in thickness from one foot to two and one- 
half feet, and averages about two feet. It lies in a deposit of 
blue shale, the floor having a talcose feel. 

The Dunbar Furnace Company have developed thoroughly 

not only the Pittsburg Coal Bed and the ore underlying, but 

* It must be noted, that It has been stated above, that the measures at this 
place afford unusual opportunities for mining cheaply the iron ores and coal. 
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also the iron ores below the Serai Conglomerate ; and the man- 
ager, Mr. E. C. Pechin, has had made at the furnace labora- 
tory, for his own use, sufficiently full and complete analyses to 
enable the character of the ores to be stated very certainly. 

A remarkable difference is at once seen in the ores underly- 
ing the Pittsburg Coal Bed at Dunbar when compared with 
the section at Fairchance and Oliphant's, the distance between 
the points being sixteen miles. 

At Dunbar the Big Bottom ore and the Red Flag ore, most 
important ores in the Fairchance section, are found only as 
limestone, with streaks of iron ore ; and the Blue Lump ore 
has come down to an inch in thickness. But about four feet 
below the bottom of the coal an iron ore is found of very pe- 
culiar appearance. This same ore is found underlying the 
coal for ten miles south-west of Dunbar, as far as Uniontown. 
This ore has been fully described on page 18. 

Two limestones are opened at Dunbar, one seventy-five feet, 
and the other one hundred and twenty feet above the Pittsburg 
Coal Bed. 

The Dunbar Furnace Company work extensively the " Moun- 
tain ores," the ores underlying the Serai Conglomerate, the 
mines being in the Chestnut Ridge mountain. The size and 
distances apart of these ores have been thoroughly developed 
by the company ; and the beds have been fully described on 
page 27 of this report, with complete analyses furnished by the 
Laboratory of the Furnace. 

These ores are strikingly similar to each other in character by 
the analysis ; but Mr. Pechin states, that " in practice the kid- 
ney and honey-comb ores make the best iron." But they are 
all excellent ores, and show how it was possible for the furnace 
to make the good record of a year's work given below. 

Year ending Aygust 1, 1875, Dunbar Furnace, Fayette coun- 
ty, Pennsylvania : 

Product, Tons. 

No. 1, Foundry 371 

No. 2, Foundry 699 

No. 1, Mill 11,953 

No. 2, Mill. 837 

Mottled 95 

White 39 

Total tons of 2,268 pounds 13, 494 
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Average consumption of Connellsville coke to one ton of 
iron, eighty-eight and seven-eighth bushels ; average consump- 
tion of ore to one ton of iron, two and one-half tons ; average 
consumption of limestone to one ton of iron, one and one-third 
tons. 

Mixture of iron ores : one-twelfth La!:e Superior ore, one- 
fifth mill cinder, and the balance thb native carbonates, the an- 
alyses of which have been given. 

The " Mountain ore," the ore below the Serai Conglomerate 
is worked for furnace use at the Mount Vernon mines, seven 
miles north of Connellsville. 

The ore is used in Charlotte furnace, at Scottdale ; being 
carried for three miles by the Green Lick Narrow Gauge Rail- 
road to the Mount Pleasant Branch Railroad, and then three 
miles more by that road to the furnace. The ore is mixed 
at the furnace with hematite ore from Bloomfield mines in 
Blair county, Pennsylvania, and with Lake Superior ore, and 
the furnace product is excellent metal. 

The ore averages eighteen inches in thickness, in two plates 
separated by a small clay slate layer ; and about two feet above 
this, also in clay slate, is the small four inch ore called the Pin 
vein, an unusually rich and pure iron ore. 

An average of analyses of several specimens of the main 

bench of Ore is furnished by the company, as follows : 

Water 0.93 

Silicic acid 14 .83 

Peroxide of iron 1 .16 i 

Carbonate of iron 67.20 \ 

Metallic iron 83 .60 

Alumina 6.44 

Carbonate of lime 5.84 

Carbonate of magnesia 2 .83 

Phosphoric acid 0.25 

Sulphate of lime 0.54 

The above analysis represents an excellent character for the 
ore. 

A specimen of the main bench of this ore was forwarde'd to 
Harrisburg for analysis and yielded (M'Creath) : 

Iron 31 .20 

Sulphur .253 

Phosphorus .129 

Insoluble residue 21 .930 
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The ore is a carbonate, hard and compact, dark bluish gray, 
brittle, somewhat slaty. 

A specimen of the Pin Vein Ore on top yielded on analysis 
(M'Creath): 

Iron 41 .00 

Sulphur .191 

Phosphorus .120 

Insoluble residue 6 .810 

The ore is a carbonate, compact, brittle, bluish gray, minutely 
crystalline, with small crystals of iron pyrites. 

The iron ore underlying the Pittsburg Coal Bed is seen at 
the mines of Frick & Co., at Broad Ford ; at the mines at "West 
Overton ; and at the works of Duncan Brothers, at Mount Pleas- 
ant. At all of these places the exposures are only such as are 
necessarily made in working the coal bed for the coking ovens, 
and in no case is the ore mined for shipment. 

The next important point where the iron ores have be'en 
opened up and worked is on Jacobs' Creek. 

The description of the geology of the Jacobs' Creek Valley 
in chapter I, shows that the country rock for a considerable area 
is made of the lower productive coal measures. The Pittsburg 
coal does not come into the hilltops along the creek, and the 
ores underlying that coal are therefore wanting at this point. 

There are several different iron ores open along the creek. 

The " Furnace Vein" is opened on the north side of the creek, 
three miles above the mouth, and one-half mile above the old 
furnace. It shows : 

1. Sandstone roof. , 

2. Slate of varying colors, from red to black, in all nine feet 
thick, holding fourteen to sixteen inches of iron ore, mainly in 
two layers, but also with some scattered lumps. 

3. Iron ore, six to eight inches. 

4. Slate, clayey, underlying. 

This ore has been benched for two miles up the creek for use 
in the old furnace, and is said to have shown somewhat larger 
in the workings on the south side (Fayette) of the creek, than 
on the north (Westmoreland) side. 

The ore was used unmixed, and made an iron which was 
worked up in the old forge into bar, horse-shoe and nail iron. 
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A specimen of this Furnace Vein ore yielded, on analysis, 

(M'Creath): 

Protoxide of iron 51 .271 

Sesquioxide of iron .943 

Bisulphide of iron .515 

Alumina 2.050 

Protoxide of manganese 2 .352 

Lime 1.344 

Magnesia .814 

Sulphuric acid .007 

Phosphoric acid .537 

Carbonic acid 33 .980 

Carbonaceous matter .710 

Water 910 

Insoluble residue 5 . 120 

100.553 

Iron 40.750 

Sulphur .278 

Phosphorus .229 

The ore is a carbonate, compact, but exceedingly brittle ; 
color, bluish gray ; structure somewhat flaggy ; seamed with 
white crystalline carbonate of lime. 

The Forge vein is opened not far from the Furnace vein, and 
underlies it by fifty feet. It shows — 

1. Sandstone, massive. 

2. Coal, one and a half feet. 

3. Clay, two and a half feet. 

4. Ore, two feet 

5. Fire-clay, five feet, with some ore nodules. 

A specimen of this ore forwarded to the Laboratory of the 
Survey yielded, on analysis (M'Creath) : 

The ore is a carbonate, compact and sandy, bluish gray, with 
conchoidal fracture, and shows small specks of pyrites : 

iron 28.300 

Sulphur .079 

Phosphorus .137 

Carbonate of lime 13 .680 

Carbonate of magnesia 7 .870 

Insoluble residue 13 .885 

The " Coal Bank" ore is opened up on the south bank of 
Jacob's creek, two miles above the mouth. The ore shows six- 
teen to twenty inches thick, resting on limestone. A specimen 
yielded on analysis (M'Creath) : 
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Carbonate ore, surface hematitic, on fresh fracture bluish 
gray, conchoidal fracture and showing considerable calcite : 

Iron 26 .500 

Sulphur : .090 

Phosphorus .048 

Carbonate of lime 23 . 120 

Carbonate of magnesia 5.600 

Insoluble residue 13.810 

This ore, like the Forge ore described above, though not rich 
in metallic iron, is very low in sulphur and phosphorus and 
would make good iron. 

A specimen of this ore underlying the coal was analyzed in 
1866, by Dr. Otto "Wuth, who reports the analysis as follows: 

" Silicic acid 8.060 

Alumina 2 .250 

Carbonate of iron 75.040 

Carbonate of lime i 8 .300 

Carbonate of magnesia 4.910 

Manganese .850 

Organic matter .590 



100.000 
The ore is free from phosphates and contains only 0.006 per 
cent of sulphur, almost nothing. Roasted, it will yield from 
50 to 55 per cent of iron. There is no reason to speak of the 
superior quality of this ore. The analysis shows it clearly." 

A coal bed is opened up ten feet above the iron ore. It 
shows : 

Roof, clay slate...* ,.. 5' 0" 

Black slate 0' 9 " 

Coal 0' 2 " 

Slate 0' 1 " 

Coal 0' 4 " 

Slate 0' 1|" 

Coal 2' 4" 

Slate, QulphuroiiP 0' 4 " 

Coal 9" tol' " 

And the bottom not seen. This coal, and the others of the 
Freeport groups were seen at other points on Jacob's creek, rang- 
ing from three to four feet in thickness. But while the Con- 
nellsville coal is so close, and the coke so cheap, it is not likely 
that these lower coals will be applied to any purpose in iron 
making, excepting perhaps the roasting of the ores. 

Besides the ores described above, which are below the Ma- 
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honing sandstone, there were some smaller ore outcrops, some 
above the Mahoning sandstone. One of these is an iron ore, 
opened about one mile above the mouth of Jacob's creek, and 
near the water level, which shows about two feet of carbonate 
Iron ore. A specimen of it yielded on analysis, (M'Creath) : 

Carbonate ore, part of the specimen hematitic, greenish gray, 
(pith conchoidal fracture, and very silicious. 

Iron 24.680 

Sulphur .047 

Phosphorus .128 

Insoluble residue 36 .675 

The greenish portion of the ore, analyzed separately, con- 
tained, (Forman) : 

Iron 22.90 

Insoluble residue 40 .92 

Specimens of two of these less important beds of iron ore, tho 

"Bridge Ore," and the "Barren Run Ore," opened up at the 

outcrop from one to one and a half miles south-east of Jacob's 

Creek station, on the Pittsburg and Connellsville railroad, 

yielded on analysis, (M'Creath) : 

No. 1. No. 2. 

Iron 27 700 11 .700 

Sulphur .160 .075 

Phosphorus .679 1.245 

Carbonate of lime 7.640 56.353 

Carbonate of magnesia 4.517 4.994 

Insoluble residue 25.240 10.920 

IsTo. 1, " Bridge Ore" is a carbonate ore, hard and compact, 
crust, hematitic ; fresh fracture bluish gray ; brittle ; seamed 
with white crystalline carbonate of lime. 

'No. 2, " Barren Run Ore," is a ferriferous limestone ore ; 
crust hematitic ; color pearl gray ; fracture conchoidal ; speci- 
men generally highly crystalline. 

These analyses show sufficiently the general character of the 
ore deposits on Jacob's creek. The ores are not now mined for 
shipment, but their proximity to market, Jacob's Creek station 
oeing only forty miles from IMttsburg, and their excellent 
character must soon bring them into use. 

But there is another feature in the connection of the Jacob's 
Creek valley and the manufacture of iron, which a few years 
ago would not have been worthy of mention, but is now a fac- 
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tor of very considerable consequence, and that is the presence 
of natural gas in apparently great quantities. The experiment 
of working iron with natural gas has proved a success, and it 
has also been shown that the gas can be piped for long dis- 
tances without excessive leakage. 

An old salt well, put down about one mile up Jacob's creek, 
and abandoned many years ago, has continued to yield gas con- 
stantly ; and the gas now comes up through the bed of the creek 
in sufficient quantity to be lighted at any time. 

Well No. 1 was put down close to the old salt well. There 
is no record except that there was much gas. The well was in 
all 1,100 feet deep. 

Mr. Frank D. Howell, of Philadelphia, kindly furnished the 
following from the Report of the Superintendent in charge of 
the borings for oil on Jacob's creek : 

" Aug. 19, 1865. No. 3 well, depth five hundred and eighty 
feet, have just. bored through a red rock one hundred and 
twenty feet thick ; now in a grey sandstone rock ; large amount 
of gas in this well, etc. 

"Sept. 23, 1865. Well No. 4, depth four hundred and thirty- 
five feet, white sand rock, a great deal of black gas. 

" Oct. 21, 1 865. Well No. 3 is seven hundred and forty feet 
deep ; we have struck a crevice in this well in which the tools 
dropped or fell seven feet ; when we struck this opening in the 
rock an immense amount of gas came up, etc. 

" Dec. 22, 1865. Well No. 5 is progressing satisfactorily, 
and with no end of gas. 

" Jan. 1, 1866. No. 5 well is two hundred and ninety-four 
feet deep, in the second sand rock. The boring of this well 
has been delayed somewhat by the large amount of gas. 

" Jan. 6, 1866. No. 5 well is three hundred feet deep ; the 
boring of this well has been delayed by the immense amounts 
of gas." 

Mr. Howell furnishes the report of the Superintendent, un- 
der date of December 15, 1865, from which the following is 
taken verbatim : 

" At well No. 5 we struck the red rock at a depth of one 
hundred and thirty feet ; at the other wells we struck the same 
rock at a depth of five hundred and fifty feet; at the other' 
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wells the gas and salt water were found above the red rock, at 
'No. 5 below it. All the strata of rock in 'Ho. 5 being entirely 
different from the others At ISTo. 5 we have bored through 
one beautiful sandstone rock, and then soap stone and fire-clay ; 
after that the red rock, which was twenty-five feet thick, and 
then soap stone. At a depth of about two hundred and twenty- 
five feet we struck a stratum of rock of a dark soft substance 
(sic) with a very strong smell, different from anything that I 
or any of the men had seen. After boring in this singular 
rock a short distance, and arriving at a depth altogether of two 
hundred and forty feet we struck salt water, after which we 
struck gas, and the whole thing came roaring up, and for four 
hours it continued pouring up gas and water the whole size of 
the conductor, clear up against the roof. 

"It then subsided, and the men commenced boring, which 
was continued until the next evening, when the performances 
were repeated with a few variations, when it again subsided. 

" The men commenced boring again, which was continued 
until the afternoon, when it came on again with tremendous 
force, and in spite of every exertion caught fire, and came near 
burning up some of the men. By great exertions we succeeded 
in smothering it out with blankets and dirt, and succeeded in 
getting the fire out without much damage. It was the most 
astonishing exhibition of gas that I ever heard of." 

A statistical report on the Toughiogheny valley would not 
be complete without a statement of facts in reference to a matter 
so important at this time as a supply of natural gas. 

In a report of the survey appended to this volume, the char- 
acter of this natural gas, its efiiciency in iron making, and the 
probabilities as to its permanency are discussed. The facts of 
the borings on Jacob's creek are therefore given here above, 
and without comment. 

It should be added, however, that at the time the reports of 
the superintendent were made, natural gas was considered as a 
nuisance and a drawback, a fact which should be remembered 
in weighing the evidence as to the quantity of the gas. 

In various parts of the Coal Measures, red hematite iron ore 
is found. It was found in Jeff'erson county, in the lower pro- 
ductive coal measures in the season of 1874, and in 1875 a 



IRON ORES AND FIRE-CLAYS. L. Ill 

piece was forwarded by Mr. Young from the Barren Measures 
underlying the Pittsburg Coal Bed. But in neither case, and 
in no other case where the ore has been observed in the Coal 
Measures of Pennsylvania, is there any evidence of sufficient 
regularity of deposit to give the ore a practical value. 

The specimen from the Barren Measures in the Youghiogheny 
valley yielded on analysis, (M'Creath) : 

Exceedingly hard and tough arenaceous red hematite. 

Iron 52.200 ! 

Sulphur 131 

Phosphorus .080 

Water 1 .790 

Insoluble residue 18.320 

In addition to the coke, gas coal, iron and iron ore in- 
dustries of the Youghiogheny valley, there are several other 
branches of manufacturing and mining, which though much 
smaller than the three chief branches named above, are yet of 
very considerable importance in the aggregate 

Fire-clay works are located at numerous points in the valley, 
the enormous increase in the number of coking ovens requiring 
great quantities of brick and rather over stimulating the trade. 

Messrs. Ewing, Boyd & Co., at Lemont station, on the Union- 
town branch of the Pittsburg and Connellsville railroad, work 
a fire-clay bed ten feet thick in all, made up of layers of clay 
of various qualities. They run a one pan mill, with two kilns, 
and have a capacity of 4,500 daily. 

The Cambria Fire Brick Works are at Braddock station, on 
the Uniontown branch of the Pittsburg and Connellsville Rail- 
road. They work a fire-clay bed, about ten feet thick, blue, 
black and drab in color. They have a one pan mill, one kiln, 
bake four days, and have a capacity of forty-five to fifty thou- 
sand. These works had not yet started shipments when they 
were examined. 

Messrs. Bliss, Marshall & Co., have firebrick works at Dun- 
bar, Fayette county. They work a fire-clay bed nine feet thick, 
and have a one pan mill with two ton rollers, three fifty thou- 
sand kilns, and burn four days. They manufacture bricks, 
arch, tiles, rings, &c., and pick and wash for rolling mill brick. 

Messrs. Soisson & Co., have their fire-brick works at White 
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Rock station, on the Pittsburg and Connellsville Railroad. 

They work a bed of fire-clay, which shows thus : — 

Soil 3' 

Slaty coal 3' to 5' 

Soft clay 5' 

Small lump hard clay 5' 

Large lump hard clay 5' 

The coal is five feet thick in one place but seems to be thin- 
ning down. It is of an entirely worthless character. They 
have a one pan mill, two forty-five thousand kilns, and burn 
seventy-two hours. The rollers are 4,600 pounds. 

Messrs. Soisson & Glover have fire-brick works. 

The mine is on the western slope of Chestnut Ridge. It 
shows thirteen feet of hard, small lump clay, free from iron 
ore where worked in an open cut. But twenty feet north of 
this, where a small drift has been put in, the clay needs picking 
to free it from iron ore. The floor is soft white clay, one foot 
of which was penetrated without reaching the underlying rock. 
They have a one pan mill, with two thirty-five thousand kilns, 
and burn ninety-six hours. They manufacture all articles in 
the fire-brick line, and ship to Pittsburg. 

The fire-brick works of Messrs. Soisson & Co., at Oakdale 
station, on the Pittsburg and Connellsville Railroad, was not 
running when examined. There are two kilns. The clay was 
not mined at the works. 

Messrs. Maxwell, Brady & Co., have the Diamond Fire-brick 
Works at Layton station, on the Pittsburg and Connellsville 
Railroad. They work a rather soft fire-clay bed nine feet 
thick, with a thirty inch coal resting on top. Some sand is 
mixed with the clay for use. They have a one pan mill, two 
fifty-five thousand kilns, burn three to four days, and make 
bricks, tiles and rings. 

Two fire-clays from Jacob's creek, the " Furnace Clay" and 
the " Forge Fire-clay," yielded on analysis, (M'Creath) : 

No. 1. No. 2. 

Silica. 66.780 65.370 

Alumina 26.890 24.870 

Protoxide of iron 3.222 .756 

Lime .369 .168 

Magnesia .987 .234 

Alkalies 3.920 .010 

Water 8.380 8.970 

100.648 100.378 
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No. 1, "Furnace Clay," comparatively soft and brittle, some- 
what sandy, with pearl gray to greenish color. 

No. 2, " Forge Clay," hard and compact, with bluish gray 
color and conchoidal fracture. These clays are apparently in 
abundant quantity. 

Messrs. M'Adams & Co., have at Mount Pleasant their kilns 
for burning lime. The quarry is on the hill north-east of the 
town, and within the limits of the borough. It shows twelve 
feet of gray and drab limestone now quarried, without the bot- 
tom being reached. " The bottom layer makes a fair cement." 
The limestone is of excellent quality, as is evidenced. by the an- 
alysis below, made by Dr. Otto "Wuth of Pittsburg : 

Silicic acid ■ 2.190 

Alumina 0.240 

Peroxide of iron i „ „„„ 

Phosphoric acid \ 

Carbonate of lime 95 .230 

Carbonate of magnesia 1 .720 

100.000 

The limestone is some three hundred feet above the Pittsburg 
Coal Bed. They work four kilns, two pots, two water flames, 
and burn 4,000 bushels of lime per week, drawing every twelve 
hours and using coal as a fuel. The lime is shipped to Pitts- 
burg, for mortar, gas and glass works use. Seven men are em- 
ployed in the kilns and twelve in the quarry. Page's patent 
kilns and M'Adams' patent breaker are used in the pot kilns, 
built in 1872. 

The Yo'ughiogheny Cement Company have their works one 
mile above West Newton. They work in all some fifty feet 
of rock, including in that the worthless layers which do not 
enter the kilns. This rock is about one hundred feet above the 
Pittsburg Coal J3ed. They have three pot kilns, draw every 
twenty- four hours, have a capacity of eighty barrels daily, and 
ship chiefly to Pittsburg. 

Mr. J. R. Smith has sand works at Dawson station, on the 
Pittsburg and Connellsville railroad. The material used is 
bank sand from the side of a Barren Measure hill west of the 
station. The sand is riddled and then washed in a series of 
four washers through which run shovel bearing belts. It is 
8— L. 
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shipped to Pittsburg, and used in glass works and as packing 
for the bottom of puddling furnaces. The capacity daily is 
about thirty tons. 

Messrs. 8peer, Clarke & Co., have sand works at Layton sta- 
tion, on the Pittsburg and Connellsville Railroad. The sand- 
stone is of two qualities, white and red ; the white sand being 
superior and used in making fine glass. 

The following description of the method of crushing the stone 
IS given by Mr. Young : " The stone is crushed in a powerful 
steam crusher to lumps the size of a walnut, being brought from 
the quarry in pieces of about five pounds weight : 

" From the crusher the stone goes to the grinder, a crushing 
roller revolving in a stationary pan. The sand and gravel are 
then placed in a screen revolving in a vertical plane, from which 
the sand is dropped into the washer and the gravel on to a 
table, from which it is again conveyed to the grinder. 

" The washing is done in a series of three inclined troughs, 
slanting upward from the screen at a small angle. The water 
and sand are conveyed upward by means of a screw, a little 
water being added where the contents of one trough flow into 
another. 

"At the top of the third trough, the highest in the series, 
the water is drawn off and the sand conveyed to the stock pile. 

" The time occupied in the operation, from putting the stone 
into the crusher until the sand issues from the third trough, is 
ten minutes, the work all being done by machinery ; four men 
are employed in the works and fifteen in the quarry." 

The Bayard Salt works are half a mile below Ellrod station, 
on the Pittsburg and Connellsville Railroad. The well is three 
hundred and twenty feet deep, and was drilled in 1870. The 
works were not running when examined, but have a capacity 
of about ten barrels daily. The following is the record of the 
boring : 

Total depth. 

Surface 

58' Sand and gravel 58' 

82' Bluish white rock 140' 

6' Coal 146' 

57' " Fire-clay" 203' 

21' Sharp grit rock 224' 

First salt at 215 feet. 
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Total depth. 

38' " Soapstone" 2fi2' 

43' Black slate 305 

26' Hard white rock 331 

17' " Fire-clay" 348' 

22' Hard, dark oily slate 370' 

25' Hard white sandstone 895' 

41' Dark, heavy hard slate 436' 

52' Dark slate roek 488' 

Salt water 5° at 464 feet. 

20' Hard fine white rook 608' 

15' Hard rock, coal appearance 2' 523' 

57' White rock 580' 

16' "Like soapstone" 596' 

64' Dark slate rock 660' 

13' Soapstone 673' 

41' Slaty rock, ending in bastard limestone 714' 

Opposite Ellrod station, Messrs. Duncan & Lamb are boring 
(September, 1875) a salt well. They are now down nine hun- 
dred feet and are going deeper. The well at present would 
yield ten barrels daily. 

Mr. C. W. Taylor has salt works at Long Run station on the 
Pittsburg and Connellsville Eailroad. 

The well is five hundred and eighty feet deep, and was drilled 
fifty or more years ago by Major Caven. 

The works have a capacity of sixteen barrels per day, though 
there is water enough for twenty-five. The water is evaporated 
in open pans : — Twenty-four hours boiling ; twenty four hours 
settling and twenty-four hours crystallizing. It is boiled to 33°. 
Shipped mostly up the Pittsburg and Connellsville Railroad. 

In the same building Mr. J. J. Deakey manufactures bro- 
mine. Mr. Young describes the process thus : — "He boils the 
bitter water to 45°, adds Mn02 and SO3. passes steam through 
and collects in a florentine receiver. He uses the bitter water 
mother liquor from Duncan and Lamb, the Bayard and the 
Long Run works. He has the capacity of eighteen barrels of 
bromine daily, if he could get the water." It is all shipped to 
Rosengarten & Sons, in Philadelphia. 

Mr. J. A. Jameson has salt works at Salt Works station, on 
the Pittsburg and Connellsville Railroad. His well is over 
four hundred and seventy feet deep. Capacity of his works 
twelve barrels daily, mostly shipped to Pittsburg and up the 
river. 
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There are numerous brick yards for making common bricks 
at diflerent points on the Youghiogheny, some of them notably 
large. They all use clay from the flats in the vicinity of their 
«pork3 



APPENDIX A. 

On the Methods of Coking Coed for Furnace Use ; its Efficiency 
and Economy, as Compared with Anthracite Coal in the Me- 
tallurgy of Iron. 



JOHN FULTON, E. M.,'Gknehal Mining Enginebe, C. I. Co, 1S75. 



The State of Pennsylvania occupies the leading position in 
the production of pig iron, and in the magnitude and variety of 
its allied industries. 

The ores of iron, the fuels and fluxes have been so liberally 
deposited in the Commonwealth as early to invite efforts in iron 
making and to stimulate it, until it has attained its present large 
proportions and momentum of progress. 

With the clearing of the forests the period of charcoal, as a 
furnace fuel, must soon pass away. The attention of iron makers 
at the present time is mainly given to three varieties of mineral 
fuel — anthracite coal, coke from bituminous and semi-bitumi- 
nous coal, and the dry or block coal of Mercer county. 

Anthracite coal is a natural coke, produced under immense 
pressure, presenting the most dense and compact fuel known. 
It has, however, some disadvantages, as the purest variety de- 
crepitates to such an extent in the blast furnace as to impede 
the blast, and hence cannot be used advantageously. A second 
class, somewhat banded with slate, is found more tenacious, and 
is generally used as a furnace fuel. 

The chief supply of this coal in the State or United States is 
found in the Schuylkill, Lehigh and Wilkesbarre districts, aggre- 
gating four hundred and seventy-two square miles of coal mea- 
sures. 

From the limited supply of this fuel, and its constant increase 
in domestic uses, it is evident that its enhanced price will re- 
strict its use to the furnaces on the Lehigh, Schuylkill and a few 
other favored localities. 

It is also manifest that coTce is destined to become the leading 
fuel for blastfurnaces, and to retain this -position from its almost 
inexhaustible source of supply, its calorific efficiency, and its con- 
tinued economy. 

[117 L] 
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The north-eastern portion of the Appalachian coal field covers 
the western portion of the State, from the Allegheny mountain 
Crestline to the western border, breaking up in the northern 
counties into a number of terminal fingers and detached coal 
fields. 

The Broad Top region is an eastern outlying basin of coal. 
The whole bituminous and semi-bituminous area of the State is 
over 12,000 square miles. 

The area of the dry block coals of Mercer county is quite 
limited, embracing one workable seam, but the coal has an im- 
portant place as a furnace fuel in the extensive iron works of 
western Pennsj'lvania and eastern Ohio. 

As anthracite and the dry burning coals of Mercer county re- 
quire no special preparation for use in smelting furnaces, the prin- 
cipal inquiry will be directed to the typical methods of coking 
coal as now practiced in this State. 

In all coking operations the work to be accomplished is to eoc- 
jpel tlie gaseous elements of the coal, retaining the carbon and ash 
which constitutes the coke. 

It is thus evident that the quantity of coke obtained from any 
coal cannot exceed the sum of its carbon and ash. 

On the other side it is rarely found that coke can be made 
without the loss of several units of carbon, depending on the 
quality of the coal and the method of coking it. 

The minimum loss of carbon shouli be made in coals having 
a large volume of hydrogenous matter ; in other words, holding 
a sufficient amount of gaseous product to supply the necessary 
heat for the operation of coking without using any of the car- 
bon. 

The maximum loss of carbon would result in coking a dry 
coal, or one holding a small percentage of gaseous matter, thus 
requiring the burning of carbon to supply the necessary heat. 

These considerations lead in the outset to an inquiry into the 
requisite qualities in a good coal for coking. 

It might be expected that all the bituminous and semi-bitumi- 
nous coals would produce good coke. That such is not the fact 
is now becoming clear to those interested in this industry. The 
difiiculty hitherto in getting light on the requirements of a good 
coking coal, and the principles of coking it, consisted in the 
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loose statements of the advocates of the several kinds of ovens, 
who seem determined to make them the prime element in gov- 
erning the quantity and quality of the coke produced. The 
quality of the coal used, or contemplated to be used, being re- 
garded as an unimportant factor in this consideration. 

There is, doubtless, great economy in the use of proper ovens 
in coking coal, but under all this the character of the coal is the 
■prime factor in determining the quantity, quality and structure of 
the coke. And this is true whether the coal is coked in the most 
improved oven or in the primitive open air "pits" or mounds. 

The value of ovens is confned rigidly to the economy of labor 
in the process of coking, and in the saving of carbon. 

Blast furnaces demand the fuel to bo pure, compact, tenacious, 
of uniform quality, and as free from moisture as possible. 

It is evident that the calorific power of coke is derived from 
its carbon, and hence the purest coke will produce the greatest 
heat. This requirement of pure dry coke is the more evident 
when it is considered that all foreign matter and moisture not 
only do not contribute heat but require the expenditure of it, in 
disposing of the extraneous matter in the slag and va.porizing 
the moisture. 

It is manifest that as the character of the coke is determined by 
the quality of the coal used, the latter should receive very careful 
examination before expending largely in plant for coking. 

The first requirement in the production of good coke is a pure 
semi-bituminous coal — coal having small quantities of slate, sul- 
phur or phosphorus. 

The second requirement is, that it contains a sufficient propor- 
tion of volatile or gaseous matter to supply the necessary heat 
in coking, without the expenditure of carbon. 

And thirdly, that the coal produces a coke of sufficient tenacity 
to sustain, without crumbling, the burden and blast of the fur- 
nace, and to inherit an open cellular structure, to facilitate its im- 
pregnation and solution by the carbonic acid gas in the furnace. 

Three belts of semi-bituminous coals have been thoroughly 
tested in the production of coke for blast furnaces — the Connells- 
ville coke region in the west of the State, Bennington, on the 
crest of the Allegheny mountain, and the outlying coal field of 
Broad Top in the east. 
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The Connellsville coke region in Payette county embraces a 
zone twenty-five miles long by two and a half to thi-ee miles 
Avide, containing sixty to seventy-five square miles ; lying west 
of Chestnut ridge, divided near its middle, crosswise by the 
Youghiogheny river, on which the growing town of Connells- 
ville is located. 

This belt is underlaid with the Pittsburg coal seam from six 
to ten feet thick. The coal has sometimes a bright calcitic ap- 
pearance, but generally a columnar structure, is rather soft and 
friable, containing an excess of bituminous matter and yielding 
a fair percentage of excellent coke. 

The middle or Bennington zone is developed on either side of 
the Pennsylvania railroad tunnel, through the summit of the 
Allegheny mountain, by the Cambria Iron Companj', for the use 
of its furnaces at Bennington, Hollidaysburg and Frankstown. 

The coal bed is nearly three feet thick ; is soft and friable, 
producing as it comes from the mine a sonorous, cellular and 
tenacious coke of great purity and calorific vigor. The seam is 
the second or B bed, locally known as the Miller seam. How 
large the belt is producing this superior coking coal is not vet 
defined. 

Adjoining the mines of the Cambria Iron Company, at this 
place, are the mines and coke yard of Messrs. Porter, Den- 
nison & Co., also producing an excellent quality of coal and coke. 

The eastern or Broad Top field of eighty square miles affords 
two seams, (B C,) known locally as the Barnet and Kell}', both 
very good for the production of a bright, open, tenacious and 
strong coke. 

These furnish the three types of the best qualities of coking 
coals of the State. The analyses of these typical coals are given 
as a means nf comparison and standards of qualities in coking coals. 





CONNELLSVILLE. 

Pittsburg seam. 


BENNINGTON. 

Miller. 


BROAD TOP. 




Barnet. 


Kellj-. 


Fixed carbon 

Ash 


a. 

69.62 

8.23 

31.36 

.784 


b. 

68.50 

^-.OO 
22.38 

1.12 


6. 
74.65 

7.50 
16.00 

1.85 


c. 

71.12 
7 50 


Volatile oiatter 

Sulphur 


19.68 
1 70 






Coke... 


100. 
68 per cent. 


100.00 
76 per cent. 


100.00 
81 per ct. 


100.00 
78 per ct. 
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ANALYSES OP OTHER COALS FOR COMPARISON. 





PITTS'G SEAM. 

Irwin's mines. 


ENGLISH OOAL. 

Durliam. 


WELCH COAL. 


Fixed Carbon 

Asii. . . .... 


d. 

61.45 

5.80 
31.71 

1.04 


e. 

83.27 

1.52 

8.21 

Not given. 


80.50 
6 50 


Volatile matter 

Sulphur 


12.10 
0.90 






Coke 


100.00 
66 per cent. 


100.00 
84 per cent. 


100.00 
86 per cent. 



BRT OR NON-CAKING COAI.S. 





Mahoning Valley 
Pa. 


Brazil, Indiana. 


Straitsville, Ohio. 


Fixed carbon 

Ash.. 


ff- 

64.30 

1.95 
32.73 

1.02 


A. 

57.20 

1.90 

40.15 

0.75 


i. 

55.60 
6.94 


Volatile matter 

Sulphur 


36.50 
0.96 






Coke 


103.00 
65 per cent. 


100.00 
58 per cent. 


100.00 
61 per cent. 



Analyses as follows: 6. c. T. T. Morrell. 6. d. Booth & Garrett, e. Richardson, g. h. Prof. 
Cox i. Prof. Wormley. /. Truraa. a. A. S. M'Creath, chemical assistant, Secoud Geologi- 
cal Survey of X'ennsylvania. 

The property of caking or not caking in the soft coals does 
not appear to be clearly made out yet. It does not depend on 
the amount of volatile matter, for the non-caking coals possess 
this in the largest volume. Nor, as a general rule, does it ap- 
pear that the coking property increases with the increase of the 
hydrogen and oxygen, but rather on the presence of different 
kinds of bitumen, or to the chemical constitution of the coal as 
respects the manner in which the gases are combined with the 
carbon. This combination producing hydro-carbon will account 
in part for the loss of carbon in coking, but not all. 

Ordinary analyses fail to indicate the essential qualities of a 
good coking coal. They are highly useful, however, in exhibit- 
ing the carbon, ash and sulphur, thus clearly indicating the 
strength and purity of the coal. 

The only sure method in the determination of the adaptibility 
of coal for coking, is to have a quantity of it made into coke, 
and a study of its physical and chemical properties carefully 
made. 
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Other conditions being satisfactory, coal can now be cleansed 
from an excess of slate and sulphur by a process of crushing and 
washing. 

At the Cambria Iron and Steel Works at Johnstown, Bradford's 
cylinder breaker with the usual jigs are used. 

The Kemble Iron and Coal Company, in the Broad Top region, 
use a modification of M. Berard's coal washing apparatus with 
much success. 

The Rockhill Iron and Coal Companj^, in East Broad Top, use 
Bradford's coal breaker, with the English sluice washer, recom- 
mended by I. Lowthian Bell, Esq., and report satisfactory re- 
sults. 

By this washing operation many coals can be made into good 
coke which otherwise would not prove satisfactory. 

With coals adapted to coking the result can never he doubtful, 
whether the coke is made in open heaps, Beehive ovens or Belgian 
ovens. 

The primitive mode of coking coal, in heaps or mounds, very 
naturally grew out of the method employed in making charcoal 
in conical mounds for furnace use. 

The plans are essentially the same ; but in the case of the 
coal it has been gradually improved, mainly in respect to uni- 
formity of quality of coke and saving of carbon. 

The coke j'ard is prepared bj' leveling a piece of ground and 
surfacing it with coal dust. The coal to be coked is then ar- 
ranged in heaps or pits, with longitudinal, transverse and vertical 
flues ; sufEcient wood being distributed in these to ignite the 
whole mass. 

Beginning on a base of 14 feet wide, coal is spread to a depth 
of 18 inches, A. On this base the flues are arranged and con- 
structed as shown in the plan — the coal being piled up, as shown 
in section B. The flues are made of refuse coke and lump coal^ 
and are covered with billets of wood. When the heap is ready 
for coking, fire is applied at the base of the vertical flues, C, C, 
igniting the kindling wood at each alternate flue. 

As the process advances, the fire extends in every direction, 
until the whole mass is ablaze. Consideral le attention is required 
in managing this mode of coking, in diffusing the fire evenly 
through the mass, in preventing the waste of coke by too much 
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air at any place, and in banking up the heaps with fine dust as 
the operation progresses from base to top. 

When the burning of the gaseous matter has ceased, the heap 
is carefully closed with dust or duff, and nearly smothered out in 
this way. The final operation is the application of a small quan- 
tity of water, down the vertical flues, which is quickly converted 
into steam, permeating the whole mass. This gives coke with 
the least percentage of moisture, if carefully applied. 

The time necessary for coking a heap, with the Bennington 
coal, is from 5 to 8 days — depending mainly on the state of the 
weather. 

It will be shown that coke made in this way is beyond any 
doubt excellent. 

The yield of coke, accurately determined at Bennington and 
Hollidaysburg, is as follows : 

BENNINGTON. 

Coal used, - - - 5G.87 gross tons. 

Coke drawn, .... 33.63 " " 



Loss, .... 23.24 gross tons. 

Yield of coke, 59.1 per cent;, loss, 40.9 per cent; 1.67 tons 
of coal to 1 ton of coke. 

HOLLIDAYSBUEG. 

Coal used, .... 63.80 gross tons. 

Coke drawn, .... 38.02 " " 



Loss, .... 25.78 gross tons. 

Yield of coke, 59.00 per cent ; loss, 41.00 per cent. 

The yield at both places is substantially the same, 59.00 per 
cent, exhibiting a loss of 24.00 per cent of the carbon contained 
in the coal. 

The Beeliive oven is evidently well adapted for coking coal, and 
is a great advance in the production of a uniform quality of coke, 
volatilizing a maximum quantity of sulphur. 

The coal is spread evenly over the floor of these ovens, to an 
average depth of two feet. The heat of the oven ignites the 
charge, and, as the coking progresses, the air is more and more 
excluded by bricking up the door and luting with clay; 48 to 72 
hours are nsually required to produce coke. 
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The 3,579 ovens of the Connellsville coke region are all on 
the beehive plan, receiving an average charge of 100 bushels 
of coal, dumped through the opening on the crown of tho oven, 
and yielding, according to current tradition, 120 bushels of coke. 

The yield in Connellsville region, adopting the above data, is 
as follows : 

100 bushels of coal @ 76 Its. per bushel, equals 3.39 gross tons. 
120 bushels of coke @ 40 ibs. per bushel, equals 2.14 " 

Loss .... 1.25 " 



Yield of coke, 63 per cent; loss, 37 per cent. One and six- 
tenth tons of coal to one ton coke. 

The coke is silvery, cellular and tenacious, possessing great 
calorific power and is comparatively free from impurities. 

The Kemble Coal and Iron Company use beehive ovens to coke 
for their furnaces at Riddlesburg, in the Broad Top Coal Region. 

The process is substantially the same as at Connellsville, and 
the coke produced very similar in all respects. 

The yield is as follows : 
Coal charged into oven, - - 4.35 gross tons. 

Coke taken out, .... 2.74 " 

Loss equals .... 1.61 " 

Yield of coke, 63 per cent ; loss, 37 per cent. 1.58 tons of 
coal to one ton of coke. 

The loss of carbon at Connellsville and Broad Top is as fol- 
lows: 

Connellsville, .... 9 per cent. 

Broad Top, . - . - 22^ " 

BELGIAN OVEN. 

The accompanying drawings will illustrate the improved Bel- 
gian oven, exhibiting its size, arrangement of tracks for supply- 
ing coal to ovens, and for the engine that pushes the coke out 
of the ovens, A number of ovens bearing different names, but 
operating essentially on the same general principles, and belong- 
ing to this type, are now in use, each pressing peculiar claims 
on public attention. 

There appears to be, without any sufficient reason, a wide 
range given to the discussion of the merits of the several mem- 
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bers of the Belgian oven family. This is certainly " multiplying 
words without knowledge," for in every case the conclusive 
evidence consists in the work done, the economy in doing it, and 
in the saving of the carbon of the coal. 

The result of coking at Hollidaysburg in Belgian ovens, with 
Bennington coal, is as follows : 

Coal used, .... 6.86 gross tons. 

Coke made, - - . - 4.81 " 

Loss, . . - ' . 2.05 " 

Yield of coke, 70 per cent ; loss, 30 per cent. 1.42 tons of 
coal to one ton coke. 

As the coal used contained 68 per cent of carbon and 8 per 
cent of ash, and the coke produced, 70 per cent of the coal 
used, the loss is 10 per cent of carbon in the operation. 

The make, by the great bank of Belgian ovens, at the Cam- 
bria Iron and Steel Works, at Johnstown, under the care of Mr. 
W. Grist, corroborates this, yielding 70.3 per cent of coke from 
a rather dr3'' coal holding 73 per cent of fixed carbon and 6 per 
cent of ash, indicating a loss of 13 per cent of carbon, which 
is somewhat more than the loss at Hollidaysburg. 

The percentage of coke produced, and the loss of carbon by 
these three typical methods are as follows : 

Bennington and Hollidaysburg pits, 59 per cent coke, 24 per 
cent loss carbon. 

Beehive ovens, Connellsville, 63 per cent coke, 9 per cent 
loss carbon. 

Beehive ovens, Broad Top, 63 per cent coke, 22J per cent 
loss carbon. 

Belgian ovens, Hollidaysburg, 70 per cent coke, 10 per cent 
loss carbon. 

Belgian ovens, Johnstown, 70.3 per cent coke, 13 per cent 
loss carbon. 

It is a remarkable fact that the waste or loss of carbon indi- 
cates not only the economy in the three methods of coking, but 
also the character of the coals as regards their gaseous or dry 
properties. 

In further considering the relative economy of these typical 
modes of coking, the value of a gross ton of coal will be taken at 
$1 00 at the ovens. 



126 L. F. PLATT, COKE REPORT OF 1875. 

I. Pits or Mounds. 

Hollidaysburg and Bennington, 1.67 tons, @ $1, equals $1 67 
Hollidaysburg and Bennington, labor, wood, &c., - 70 

Total, one gross ton of coke, 

II. Beehive Ovens. 
Connellsvuie, 1.60 tons, @ $1, 
Labor, charging and drawing, 

Total cost, one gross ton coke, 

Broad Top, Kemhle Coal and Iron Company. 
Coal, 1.58 tons, @ $1, - 

Coking, &c., - - 

Total, .... 

III. Belgian Ovens — Cambria Iron Company. 
Hollidaysburg, Bennington coal — coal used to one ton 

coke, 1.42 tons, @ $1, 
Labor, supplies, &c., 

Total cost of one ton coke, - 

Johnstown, Miller coal, B — coal used to one ton coke, 

1.42 tons, @ $1 
Labor, supplies, &c., ... 

Total, .... 

The cost of the coal and labor of coking one gross ton of ooko, 
by the three methods just considered, is as below : 

I. Pits or mounds - - - $2 37 

IL Beehive ovens -• - - 2 20 

III. Belgian ovens - - - 1 87 

Exhibiting an increasing cost from the Belgian ovens to the 
open pits or mounds. But in the first comparison of costs no 
place has been given to the interest on the investment in pre- 
paring the several modes for coking, which is quite an important 
factor. 

Estimated cost oi plant for the production of 100 tons of coke 
per day : 
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I. Pits or 31ounds. 

Leveling coke yard, fixtures, &c., - $1, 000 00 

Interest on investment, at ten per cent, per year, 100 00 

Then, 3o.oorton -5= i ct- per ton per year. 
Cost of coal and labor of coking, 

Total cost, - - . . 

II. Beehive Ovens. 
Eighty ovens, @ $400, 

Interest on investment, 10 per cent, per annum. 
Annual repairs and renewals, |10 per oven, 

Then ^.^iTous = 13J cents, 
Cost of coal and labor of coking. 

Total cost, 

III. Belgian Ovens. 
Sixty-five ovens, @ $800, 
Annual repairs to each oven, $15, 
Engine for pushing coke. 
Annual repairs to engine. 
Tracks for engines, 

Interest on investment, $55,3000, @ 10 per cent.. 

Then, $.5,530 + $310-l-$50=35;i^^3=19J cents per 

ton nearl}' .... 
Cost of coal and labor of coking. 

Total cost. 

The tracks and cars necessary to supply coal to pits and 
ovens have not been estimated in the foregoing calculation, as 
it is presumed these several costs would be about equal, adding 
to each class one-fourth cent per ton for this source of expense. 

The ultimate cost then of one gross ton of coke produced by 
these three methods is as follows : 

Mojinds or pits, - - - - $2 37| 

Beehive ovens, - - . 2 33| 

Belgian ovens, - - - - 2 06| 

The following table exhibits the physical properties of the 
cokes made in the State, from the best coking coals, by the three 
methods of coking most generally in use : 
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This table is designed to illustrate the desirable physical pro- 
perties of coke exhibiting its capacity to sustain furnace burdens. 

The cellular space was obtained by immersing an accurately 
cut inch cube of coke in a glass of distilled water under the re- 
ceiver of an air pump, exhausting the air and weighing the cube 
dry and wet — the difference indicating the cellular space — as 
the specific gravities of coke and water are very nearly alike. 

The best cokes have tlie cell space to the whole mass, as 33 to 
67, or as 1 to 2 nearly. But this proportion can differ widely in 
cokes, giving equally good results in furnace use ; 38 to 62 is 
obtained from a coke of first class order in strength and purity. 

Other conditions being equal, the size of the coke cells is im- 
portant, in giving a first quality of furnace fuel, especially in 
facilitating its combustion by freely receiving carbonic acid gas, 
formed lower down in the furnace, thus accelerating its solution 
and j'ielding abundant carbonic oxide for the deoxidation of the 
iron ore. 

A very dense coke, with diminutive cells, or rather pores, is 
always undesirable in furnace operations, as it resists solution 
with an obstinac)' that is truly surprising. 

A piece of such coke was handed to me which had passed 
down and out of a fifty feet furnace, apparently little wasted by 
its fiery journey. In this connection it may be claimed that an- 
thracite coal is much more dense than coke of any grade, and as 
the former can be used in the blast furnace, why not the latter? 

To this it may be replied, that the operations of these fuels in 
combiisticn in a furnace are widelj' different — the anthracite coal 
decrepita'ing, and thus becoming divided into quite small pieces, 
affording enlarged surface space for solution, whilst, on the other 
hand, coke is not pplit into pieces as it approaches the hot zone, 
and its free combustion is attained only from its large cell struc- 
ture. 

Evidently Mr. I. Lowthian Bell experienced this when he wrote, 
" My firm has tried these plans," (Belgian ovens,) "but found 
the useful effect in the furnaces inferior to that obtained from 
coke made in the ordinary oven," (Beehive.) "Inconsequence 
of this, all the more recently erected ovens have been constructed 
upon the old fashion." * 

* I. L. Bell, on iron smelting, page 315. 
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The table shows that coke made in shallow charges in the bee- 
hive ovens is less dense than the coke made in J3elgian ovens in 
deep charges — the bottom section of the charge, in the latter 
case, showing a very decided increase in density. 

When coke of a dense porous structure is produced in large 
"chunks" it is least desirable for furnace use, but its energy and 
efficiency can be much improved by breaking it in a Blake's 
crusher or by breaking the larger pieces. This treatment will 
be more manifest in furnaces under fifty feet in height than in 
those above this height. 

Where coal has a tendency to enter a condition of semi-fusion 
in coking, agglomeratmg it usually forms a very decided cellu- 
lar coke, coked by any of the methods now in use. But, where 
the coal has a tendency t(i dryness, and a consequent dense por- 
ous structure, it is important that it be coked in thin charges, 
and rapidly to obtain the best physical condition possible with 
such coal. 

There appear yet to be some defects even in the best meth- 
ods of coking, or rather a want of adaptability of the methods 
to the several qualities of coal used. 

a. The tendency is noted of some coals to produce a dense, 
leaden colored coke, with fine pores, increasing in closeness 
of structure when coked in deep charges in Belgian Ovens, from 
top to bottom. Such coal should be Coked in shallow charges to 
produce the best possible results. Under such a condition the 
Beehive Oven would perhaps be the best. 

b. The depth of charges, in each of the three methods un- 
der consideration, is in many respects objectionable, as it ren- 
ders the volatilization of the sulpliur from the middle and bot- 
tom sections more difficult, the amount of which retained is indi- 
rect proportion to the depth. 

Just here it may be proper to note that in both the Beehive 
and Belgian ovens the depth of the charge of coal is propor- 
tioned to the time determined for coking. 

In the Belgian Ovens at Hollidaysburg, using the Bennington 
coal, the weight and depth of charges have been accurately ob- 
served by Mr. W. R. Babcock, Superintendent of Blair Iron and 
Coal Company, as illustrated in the following sketch : 
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/2-hour charge. 



48-hour charge . 





24-hour charge 




4' 6" deei» 
Weight, 6| gross tons. 



3' 0" deep. 
Weight, 4| gross tor,s. 



1' 6" deep. 
Weight, 2 gross tons. 



Section of Belgian Oven, showing the depth of charges for 24, 48 and 72-hour 

colte. 
It is manifest that the shallow charges have produced the best 
and purest coke, but the economy of coking is on the side of 
the deeper charges. ^ 

c. From the bottom bench of the charge being coked under 
pressure, forming a denser structure, it requires a greater amount 
of heat in coking just at a place in the oven the most difEcult 
to reach. Mr. J. King M'Lanahan, of Hollidaysbarg, who has 
given these ovens a careful study, suggests that this might be 
obviated by alternating the charging of the ovens, utilizing the 
surplus gases disengaged in the early part of the operation for 
supplying the deficient heat in the floors of the adjoining ovens. 
This would meet the requirement of thorough coking, but does not 
remove the objections, in the case of some coals, of a close struc- 
ture in coke and in obstructing the volatilization of the sulphur. 
From the foregoing determinations it follows that two results 
in coking are absolute re- 
quirements, in order to pro- 
duce the best possible fuel 
for furnace use : First, an 
Of en cellular structure, with 
cells as large as possible by 
the coal used. As the te- 
nacity of all the cokes ex- 
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amined is greatly above the requirements of the highest fur- 
nace now in use, no fears need be entertained in this respect ; 
and, second, the volatilization of all the sulphur possible m the 
opei-ation of coking. 

The following table exhibits analyses of the fuels under con- 
_sideration, indicating also the percentage of sulphur volatilized 
in coking : 

Analyses of Typical Fuels for Fuknacb Use. 



Anthracite Coal, Coke and 


Dry Bituminous Coal. 
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Some careful chemical investigation is very much desired to 
unfold the several conditions in which sulphur is found in coal, 
and the ratio of each which can be volatilized in the operation 
of coking. 

The greatest volume of the sulphur in coal undoubtedly ex- 
ists as bi-sulphide of iron, (Fo Sg). In coking, one equivalent 
of sulphur is volatilized, leaving the mono-sulphide, (Fe S) in 
the coke. 

If sulphur is present in tlie coal united with lime, as sulphide 
of calcium, it will be volatilized readily ; but if it takes the 
form of the sulphate of lime, (gj^psum,) it cannot be driven off 
in a coke oven. 

The results of volatilization by coking given in the foregoing 
table must be used with caution, because the coking has been 
performed under various conditions. It indicates, however, that 
the same quality of coal, coked in mounds at Bennington, parted 
with fifty-two per cent of its sulphur, but when coked in Bel- 
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gian ovens, at Hollidaysburg, only thirty-four per cent was 
driven oif. 

The work of the beehive ovens shows that the Connellsville 
coal parts with five per cent of its sulphur, whilst the Broad- 
Top surrenders in coking fifty-six per cent of its sulphur. 

These results are submitted more to indicate the wants in fu- 
ture investigations, than to assume any definite work in this de- 
partment of inquiry. 

As the physical structure of coke, and its purity, are the two 
prime elements which constitute its value as a furnace fuel, it is 
evident that coke ovens should be planned to satisfy these es- 
sential requirements. 

It is believed that both these results can be obtained, so far 
as the qualifies of each class of coal will permit, by shallow 
charges in the coke oven. 

In view of all the facts collected on the coking of coal for fur- 
nace use, and teeling^atisfied that perhaps a combination of ex- 
isting plans could be devised in which the several qualities of 
coals could be coked with the best results, and, at the same time, 
with the greatest economy consistent with the production of the 
best possible quality of coke, I have asked Mr. J. King M'Lana- 
han to devise such a plan, which is herewith submitted : 

This plan unites the good qualities of the Beehive and Bel- 
gian Ovens. 

1. The charge is made wide and shallow, as in the Bee- 
hive, and in the best condition to produce an open cellular 
coke, also affording the best facilities for the volatilization of 
the sulphur in the coal. 

2. The arrangement of the flues under the oven is such as 
to utilize the gases, diffuse the heat equallj', producing a uni- 
form quality of coke. 

3. The shallow charges require only thirty hours for coking. 
The coke is to be pushed out en masse hy an apparatus 

similar to those used in Belgian Ovens, retaining this element 
of econom}' in producing coke. 

The method of charging through openings in the crown of 
the oven is used in this plan as in the other ovens. 

It will thus be seen, that with the application of the true 
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means for producing the best quality of coke, the utmost econ- 
omy in the operations is preserved. 

The oven is 24 feet long, 8 feet wide and 2i feet deep, re- 
ceiving a charge of coal 2 feet deep^ weighing 9 gross tons and 
yielding 6.3 gross tons of coke. 

A day's work of each class of oven is as follows : 
Beehive, - - - - 1.25 gross tons. 

Belgian, - - - 1.55 *' 

Composite, - ... 5.04 " 

The cost of this improved oven is estimated by Mr. M'Lana- 
han at $1,000. 

Taking this as it is estimated, the cost of producing coke 
in this oven, including interest on invested capital, is as follows : 

1.42 tons of coal, at $ I, $142 

Labor, supplies, &c, ... - 40 



Investment for 100 tons of coke per day : 
20 ovens, at $1,000, 
Annual repairs of each oven, $20, 
Engine for pushing coke, 
Anoual repairs to engine. 
Tracks for engine, ... 

Interest on investment, $23,600, at 10 per cent, 

Then, $2,360 + $400 -t-$50=||^8„V!^ tons=.093 cents per ton. 

Ultimate cost : 
Coking, ........$182 

Interest on above, 09* 
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Total, - 1 91S 

Comparing the several methods, the cost per ton of coking is as 
follows : 

Fits or mounds, $2 37|- 

Beehive ovens, - - - - - 2 33|- 

Belgian ovens, ..... 2 06|- 

Composite ovens, 191* 

A closing consideration in the production of coke claims 
earnest attention — the means of quenching it in the three meth- 
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ods of its manufacture. The amount of water retained in cokes 
varies from J of 1 per cent to 12 per cent or more, depending 
on the conditions in which it is quenched. 

As has been stated, in the means employed in the pits or 
mounds, in smothering the coke out with fine dust, only us- 
ing a very small quantity of water as the last act of the opera- 
tion, thus giving a very dry coke ; with care, certainly a mini- 
mum. This is a very decided advantage in pit coking, which 
will be considered hereafter, especially when done near the fur- 
nace, giving from the pit a dry fuel. 

The coke made in Beehive Ovens is quenched by discharging 
water into the oven by a hose. The water is quickly converted 
into steam, which permeates the whole mass of coke, resulting 
in doing the work with the smallest volume of water and vapor, 
giving a very dry coke. 

The Belgian Oven class is open to serious objection in regard 
to the manner in which the coke is quenched. 

The pushing engine discharges the contents of the oven of 
red hot coke in a mound 20 feet long, 2 to 3 feet wide and 3 to 
4 feet high. A hose is turned on this incandescent mass 
until it is soaked, pools of water are made on the platform, the 
vapor escapes, and the coke is charged with moisture from 2 to 
12 per cent. It is possible to reduce the average of moisture 
by a more careful application of the water, but the whole plan 
of doing this part of the work is essentially clumsy. 

As a rule in all methods of quenching coke, the finer the 
pores or cells of the coke the more moisture it will retain. 

This matter is now under consideration. Several suggestions 
have be'en submitted for overcoming this wetting of the coke. 
The most feasible of these is a design in which the charge of 
coke is to be pushed into an iron receiver, resting on a carriage 
running in front of the ovens like a transfer table. Water and 
steam, mixed with carbonic acid gas, to be carefully used in 
quenching the coke. Bj' this means it is hoped to attain results 
equally satisfactory with the Beehives or open pits. A single 
apparatus of this kind is intended to receive all the coke from a 
large bank of ovens, plying on a rail track in front of them. 
Wet coke invariably cools the furnace and is in every aspect 
objectionable. 
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As a uniformity in tiie quality of coke as a furnace fuel is an 
imperative necessity to insure its regular working, so the dry- 
ness of the coke is demanded for the same reason. Neither fur- 
nacemen or cokers have given this matter the attention its im 
portance demands, for it is an important factor in the harmony 
and economy of the working of the furnace. 
I. The Efficiency and Economy of Coke, as Corn-pared with An- 
thracite Coal, in the 3Ietallurgy of Iron. 

Practicallj', the true value of furnace fuels, as regards their 
efficiency and economy, is determined by the quantity of each 
class required to smell one ton of pig iron. 

In this determination, however, there are many factors, each 
requiring careful consideration, else the result is practically 
valueless. The size of the furnace, its blast heat and pressure, 
the qualities of the iron ores used, with the quantity and char- 
acter of flux and the resultant quality of pig iron. 

That there is a well defined measure of the quantity of coke 
required to smelt one ton of pig-iron, has been clearly demon- 
strated by Mr. I. Lowthian Bell, in his valuable work on the 
Chemical Phenomena of Iron Smelting. On page 388 of this 
work he sums up the conclusion from an elaborate investigation 
of the whole matter: "Regarded in this way, I would give it 
as my own opinion, that taking the ordinary run of Durham 
coke and Cleveland iron-stone, the iron-master who produces a 
ton of No. 3 iron, with 21| cwts,, (2,408 ft)S. = 1.075 gross tons,) 
with the blast heated to 500°C. (932°F.) may consider himself 
as working very closely up to those limits of economy, which 
are prescribed by the nature of the materials he is operating 
upon. " 

Taking this 1.075 gross tons of coke to smelt one ton of pig- 
iron, using Cleveland iron-stone, giving 41 per cent of iron, 
as a standard of comparison, the relative values of other cokes 
will be made manifest. 

The Bennington Furnace, of the Cambria Iron Company, 10' X 
40', blast, 21 to 3 fts. — heat, 600°F. — running on a mixture of 
Lake Superior and native hematite ores, averaging 56 per cent 
of metallic iron, producing an excellent quality of Bessemer pig 
iron — using an annual average of 1.3 tons of pit coke to 1 ton of 
pig iron. With an increase of the temperature of the blast to 
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900° F., and an increase of its pressure, it is probable that the 
consumption of coke would be reduced to the standard indicated 
above — (1.075 tons). 

The results, however, in a furnace of this moderate size, are 
verj' excellent, indicating the energy and efficiency of the coke 
used. 

Pittsburg Furnaces. — Two works have been quite prominent 
during the past year for their very extraordinary yields of pig 
iron — the Isabella and Lucy works at Pittsburg. They seem to 
be competing for the largest yield of a single furnace ou this 
Continent, if not in the world. 

The size of the furnaces is as follows : 

Lucy Furnace. Isabella Furnace. 

Height of stack, - 75 feet. 75 feet 

Width of bosh, - - 20 feet. 20 feet. 

Pressure of blast, 4 to 8 lbs. 4 to 8lbs. 

Temperature of blast, 750° to 1,000° F. 800° to 1,000° F 

Lake Superior ore, 62 per cent. 62 per cent. 

Pig iron made for week 

ending Oct. 16, 1875, 762i-|f| tons Same time, 714iff0- 

of Gray forge and No. 1, foundry tons, one-third foun- 

iron. dry and balance mill 

iron. 

Since writing the above, the Isabella furnace has exceeded 
all its previous productions, as described in the Engineer and 
Mining Journal of December 4, 1875 : 

" 27ie Largest Make of Pig Iron on Record. 

" There is that Pittsburg Isabella Furnace, No. 2, 75X20, that 
has gone and increased its make of pig iron again, this time to 
770 2tW *'°"^ ^ week (133 tons foundry, 601 tons gray forge, 
and 36 tons mottled). There seems to be no end to this thing, 
and it is getting as monotonous as an iron market report. Can't 
Mr. Crowther give us the ' law of increase,' whether it is in 
an arithmetrical or geometrical progression, and by putting it in 
the form of a simple formula in which the product is a function 
of the time, we could calculate just when Isabella, No. 2, will be 
making 800, 900 or 1,000 tons a week. This noting in every 
second number ' the largest make on record,' is getting tire- 
some." 
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In these efforts, doubtless the quantity of coke used is quite 
large — greatly above the standard — how much is not publicly 
known. The results are evidently attained by forcing the air at 
high pressure and in large volume with the swift calorific energy 
of Connellsville coke. 

In ordinary work the Lucy furnace is reported to use, "with 
strictly first class coke, from 3,300 to 3,350 pounds per ton of 
iron made. This includes an allowance of 5 per cent for waste 
in handling." This gives 1.47 to 1.49 tons of coke to 1 ton of 
pig. The coke is made from washed Pittsburg coal. 

The Isabella is reported as using, when making foundry iron, 
1.16 tons coke, and running on mill iron, 1.07 tons. The coke is 
partly made from washed Pittsburg coal and partly from the 
large and excellent coke works of the Pittsburg and Connells- 
ville Gas Coal and Coke Company, of which John F. Dravo, Esq., 
of Pittsburg, is general manager. 

Shoenberger, Blair & Co., in a furnace 13X62 feet, with blast 
of 3 to 5 pounds, and temperature 800° to 850° F. — ores 57 per 
cent. Coke from Pittsburg coal, washed, use 65 to 70 bushels, 
or 1.16 to 1.25 tons to 1 ton of pig metal. 

Dunbar furnace— in the Connellsville Coke Region — 16 J X 58 
feet; blast, 5| pounds; temperature, 750° F. ; running on native 
carbonates, stiffened with a mixture of Lake Superior ore, is 
using 1.58 tons of a roughly made coke to 1 ton of excellent pig 
iron. 

Neshannock Iron Company, New Castle, Pa. — Furnace, lf)X60' 
feet; pressure of blast, 3 to 3 J pounds; temperature, 800° F. ; 
make 300 tons a week from Lake Superior ore. Coke, 1.33 tons 
for foundry iron and 1.50 tons to 1 ton of Bessemer pig. 

Kemble Coal and Iron Co., Broad Top. — Furnace, 16X65 feet ; 
blast pressure, 5^ pounds ; heat, 800° F. ; ores, 30 to 35 per cent ; 
1.9 tons of coke to 1 ton of excellent pig iron. 

Equating the work of this furnace in reducing these lean ores, 
with the consequent increase of flux, would give 1.18 tons of 
coke to 1 ton of pig iron. 

Cambria Iron and Steel Co., Johnstown. — Belgian Oven coke. 
Furnace, 15X70; blast, 4i pounds; heat, 700° F. ; running on 
native carbonate calcined iron ore, use 1.35 tons of coke to 1 ton 
pig iron. 
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It will thus be evident that the quantity of coke to make 1 ton 
of pig iron ranges from 1.16 to 1.50 tons, with ores and other 
conditions nearly alike. When these have been exceeded, as in 
furnaces running on lean ores, the reason is obvious. That with 
care in furnace work and the use of good coke, there can be no 
question that the standard of 1.075 tons to 1 ton of pig, from 50 
per cent ores, can be readily attained, but, in a State measuring 
her coal beds by thousands of sqiuire miles, it is difiScult to induce 
the study or application of economy in the use of this fuel in 
blast furnaces. 

ANTHRACITE COAL. 

Ill T"'o. 26 of the Engineering and Mining Journal, of June 
27, 1874, a very exhaustive table is given of the work of fur- 
naces running on anthracite coal. This table embraces the years 
from 1855 to 1873, inclusive. The average of coal given to 1 
ton of pig from 1869 to 1873 is If^lj-J- tons. The ore averaged 
44 per cent. The heat of blast is given at 900° P., which is up 
to modern practice; pressure of blast not given, but presumably 
it kept up with the increased temperature. 

Mr. Bell, in the notes of his recent visit, noticing a portion of 
the anthracite furnaces, remarks : "Of course the chief subject 
for consideration is the question of fuel consumption, and here I 
am bound to say, as a rule, the Lehigh masters are perhaps a 
little behind the age. In furnaces 55 feet high, with boshes of 
17 to 18 feet, the anthracite used in smelting an ore yielding 50 
per cent, with 12 cwt. of limestone, was about 35 cwts. (=1.75 
gross tons.) A portion of this waste I conceive to be due to 
a want of sufficient heat in their blast, which, however, by the 
pyrometers, always in use, indicated fully 1,000° F. That it 
really fell short of this, generally sppaking, was proved by its 
inability to melt zinc, which fuses at a couple of hundred degrees 
below this temperature. The more important cause, however, 
must be ascribed to the insufficient height of the furnaces, but in 
this matter no one can feel surprised that the iron smelters, whose 
fuel is anthracite, should have hesitated before following the ex- 
ample of some English iron-masters. 

" The latter have the advantage of using a compact and hard 
fuel, which comes down in large pieces to the hearth, while an- 
thracite is apt to splinter with the heat and requires, it is said, 
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even in a furnace of moderate height, a pillar of blast equal 
to from 7 to 9 or 10 pounds to overcome the resistance. One 
or two manufacturers, however, have been bold enough to 
venture on the erection of furnaces of 72 feet high, and their 
experience has proved eminently successful, for the fuel has 
been thereby reduced to something like 25 cwts. per ton of 
iron, (^1.25 tons.) I do not say that with a little higher 
temperature in the blasty and an additional height of furnace, 
even this is not capable of a little reduction ; at the same 
time, looking at the usual quality of their coal, I am not sure 
whether this must not be regarded as a very satisfactory re- 
sult." 

Evidently one of the high furnaces referred to in the fore- 
going notice is at the Glendon Iron Works, Baston, Pa. Mr. 
Prank Firmstone reports of the furnace as follows : 

Size of furnace, 18X72 feet ; pressure of blast, 6 to 6J pounds ; 
ore yields 50 per cent; anthracite 1.29 gross tons. Make per 
week 289 tons — a very excellent exhibit of anthracite' furnace 
work. 

Bethlehem Iron and Steel Works. 

Furnace No. 1, 15'X65', blast, 4| ibs., anthracite coal, 1.72 
tons to 1 ton Bessemer pig. 

Furnace No. 2, 15'X45', blast 4| ft>s., 1.84 tons anthracite 
coal to 1 ton mill pig iron. 

Furnace No. 3, 14'X50', blast 6 tbs., 2.00 tons of coal to 1 ton 
Gray foundry pig. 

Northampton. — 16'X65', 1.73 tons of anthracite coal to 1 ton 
Bessemer ; blast, 7 ibs. 

Harrisburg. — Lochiel furnace, 14'X50', 2 tons anthracite to 
1 ton No. 2 mill pig iron, bla«t 4 lbs., make 18 tons per day. 

By using one-half coke the fuel has been reduced to 1.75 tons 
to 1 ton pig iron. 

The above statements have been verified by several furnaces 
at Harrisburg. 

The testimony of furnace men in relation to the use of coke 
as a mixture with anthracite coal is harmonious. One-third to 
one-half of coke not only produces an economy of fuel per ton 
of pig iron, but also improves the working of the furnaces in 
every way. 
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It is very evident that the low sizes of anthracite furnaces 
would be greatly benefited by the use of coke, from its swift 
combustion and its energy in assisting the slow acting anthra- 
cite coal, besides giving a better draft to the blast in retaining 
its shape without splintering. 

If the best results in the economy of fuel is taken from the 
foregoing statistics of the working of these furnaces running on 
ores of equal grade, with size, blast and temperature nearly the 
same, it will be seen that Isabella, in ordinary work, uses 1.07 
tons of coke to 1 ton of pig metal, whilst Glendon anthracite 
furnace uses 1.29 tons of coal to 1 ton of pig iron, exhibiting an 
excess of fuel in the anthracite coal over the coke of 17 per 
cent, and indicating from this data, the ratio of consumption oi 
coke to anthracite coal in furnace operations as 1:1.17, or in 
round numbers, IJ tons of coke are equal to If tons of anthracite 
coal. This, however, does not fully indicate the economy of the 
coke, for it is evident that quite a saving must be induced in the 
work of men, and salaries of officers, cost of maintaining ma- 
chinery, Ac, in a furnace yielding, in ordinary work, double the 
quantity of pig iron produced in anthracite furnaces. 

These results indicate practically the relative conditions of 
the work of the best coke and anthracite furnaces at the present 
time. Comparing all these results, it is 'manifest that the open 
cellular structure of the coke facilitates its rapid digestion in 
the furnace, whilst the anthracite coal is slow in combustion and 
operation. Whether these relationships of consumption of fuel 
and energy of work can be equated by subsequent additions or 
modifications of furnaces, it is a question for the future. It is 
evident that many of the colce furnaces have attained the stand- 
ard of economy of fuel prescribed by the chemical conditions of 
the materials used. Whether an addition to the altitude of the 
high anthracite furnace stacks would produce increased economy 
of fuel, has also to be determined. 

Probably the physical character of these fuels will, under 
all conditions of dimensions of furnaces, preserve about their 
present relationship. 

In the smaller furnaces, 50 feet high and under, it appears 
that coke can be used with decided economy — probably re- 
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quiring time from furnacemen to learn the method of its most 
economical application. 

BLOCK COAL OF MERCER COUNTY. 

The Biiar Hill or Block Coal of the north-western corner 
of the State is used in the furnaces as it comes out of the mines. 
The Sharon furnaces, 50 feet high, consume about 2| to 2| tons 
of this coal to 1 ton of pig iron, from 66 per cent Lake Su- 
perior ores. Pressure of blast, 7 pounds. In most of these 
furnaces, however, coke is used varying in proportion from ^- 
to ^, J and f, the increased quantities being used in closed 
top furnaces. This requirement of a portion of coke appears 
to be a general law in the use of block coal. Mr. B. C. Gar- 
lick, of Brazil, Indiana, writes in regard to the use of the cele- 
brated block coal of his State : " It works as well raw as 
any bituminous coal, but in furnaces of the size of ours, 62X15 
feet, it is desirable to use a small quantity of coke to keep the 
furnace open and enable it to take the blast with greater freedom." 
The coke used at this place, a sample of which was kindly 
forwarded me, is made from the block coal in Beehive Ovens- — 
it is really a charred coal, as the structure of the coal is un- 
changed, the laminsB preserving their plane lines very distinctly. 

On the whole it appears to be an excellent furnace fuel. 
The only practical question which it suggests is, whether it 
would not be more economical to coke all the coal for furnace 
use. So far, in practice, the fact has been shown that it requires 
2 tons of this quality of coal to do the work of 1 ton of coke. 
And not only is the draft of a furnace improved by using a por- 
tion of coke, but "it insures regularity in the working of the fur- 
nace, and we also derive benefit from its use in the faster driving of 
the furnace, thus saving in the cost of labor to the ton of iron." 
The purity of the block coal and the metal made by it are un- 
exceptionable. 

The Hocking Valley coal of Ohio is also used in the furnace 
raw, under nearly the same conditions as the Indiana block coal, 
only that in the former case the thickness of the coal is greater 

The seam on Sunday creek is fully 13 feet thick, of excellent 
quality, and can be used in the furnace as it comes from the 
mine, and from the great thickness of the seam, a great degree 
of economy induced in its production. 
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Zanesville furnace, 16'X65', blast 3| lbs., temperature of blast 
750°F., makes 35 tons per day of No. 1 forge pig iron from a 
mixture of 1 ton native carbonate calcined ore, 1,120 lbs. Lake 
Superior specular ore, and 746 lbs. mill cinder, consuming to 1 
ton pig, 1.14 tons of Hocking Valley coal and 0.63 tons of coke, 
which indicate very good results. 

In closing it would be instructive to compare the energy of 
the tliree classes of fuel, anthracite coal, coke and block coal, in 
the work of smelting pig iron in a blast furnace, under condi- 
tions favorable to each quality. A difficulty arises from the fact 
of the Block coal being used with varying mixtures of coke, so 
that an estimate of this class must be somewhat approximate. 

Taking the production of Lucy or Isabella furnaces at 550 
tons per week, which is a very moderate estimate, the product 
would be 1 ton in every twenty-four Jiours to every 156 cubic feet 
inter^ial capacity. Bennington furnace, producing Bessemer pig 
for Cambria Iron Company, gives 1 ton every twenty-four hours 
to every 166 feet internal capacity. 

These indicate the averages of the work of furnaces running 
on coke, when applied under conditions to produce true results. 
The average exhibiting the production of 1 ton of pig iron each 
24 hours to every 161 cubic feet of internal capacity of furnace. 

Taking the anthracite furnaces of the heights of 50,60 and 70 
feet as producing 200, 250 and 300 tons of pig iron per week, 
respectively, the internal capacity of furnace required to pro- 
duce 1 ton of pig metal per 24 hours will be as follows : 185, 
195 and 256 cubic feet, exhibiting an average of this class of 212 
cubic feet. 

The determination of the internal space in block coal furnaces 
to each ton of pig iron produced, per day, is rendered difficult 
by the coke mixtures. It should be found ranging between the 
coke and anthracite spaces, perhaps more nearly approaching 
the latter; say from 180 to 190 cubic feet. 

The average relative energies, therefore, of these three fur- 
nace fuels, under the present conditions of application, appear to 
be as follows: Coke, 161; block coal and coke, 185, and an- 
thracite coal, 212 cubic feet. 
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In the collection of data I have been cordially assisted by 
Franklin Piatt, Esq., Assistant Geologist Second Pennsylvania 
Geological Survey, and by his associate, C. A. Young, Esq. 

Thomas T. Morrell, Esq., Chemist Cambria Iron Co., has laid 
me under renewed obligations for valuable assistance. 

The determinations for the table exhibiting the physical struc- 
ture of coke were made by my associate, David Peelor, Esq. 

Mr. Robert P. Field, my assistant, has been industrious in 
making and copying drawings for this paper. 
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The natural gas issuing from numerous wells in the western 
part of Pennsylvania, and in the adjacent parts of New York 
and West Virginia, hats been very little studied from a chemi- 
cal point of view. This neglect is explained when we remem- 
ber that the finding of a gas well has been considered rather 
a misfortune than otherwise, oil being the only thing desired. 
Indeed, until very recently the use of the Fredonia gas in New 
York for illuminating purposes was about the only case where 
any attempt was made to utilize this valuable natural product. 

Accordingly, there have been almost no analyses whatever 
made of those gases. In 1866 a French geologist, M. Foucou, 
visited a number of these gas wells and collected specimens of 
the gases. These were afterwards analyzed by M. Fouque, and 
they are published in Compt. rendus, LXVII, p. 1045. The lo- 
calities were Pioneer Run, Venango county. Pa.; Fredonia, New 
York ; Rogers' Gulch, "Wirt county, W. Va. ; Burning Springs, 
on Niagara river below the cataract, and Petrolia, Enniskillen 
district, Canada West. These points are certainly widely 
enough removed to make the series comprehensive from a geo- 
logical stand-point. The analyses do not appear to have been 
complete ones, as M. Fouque determined the exact amounts of 
only a few of the constituents. In general the gases were 
composed of members of the marsh-gas series of hydro-carbons. 
Thus, the gas from Pioneer run he found to have essentially 
the composition of propyl-hydride, (Cg llg,) with small quan- 
tities of carbonic acid and of nitrogen ; the Fredonia gas ap- 
peared to be a mixture of marsh-gas (CH4) and ethyl-hydride 
(C2 Hg,) with a small quantity of carbonic acid and 1.55 per 
cent of nitrogen ; the Rogers' Gulch gas was CH^, almost ex- 
clusively, with 15.86 per cent of carbonic acid and a small 
quantity of nitrogen ; the Burning Springs gas almost pure ' 
CH4, with a little CO2 ; the Petrolia gas a mixture of marsh- 
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gas, (OH4,) and ethyl-hydride, (Cg Hg,) with a small amount 
of carbonic acid 

However, in some cases the composition as given above was 
only apparent, as in the case of the Pioneer Run gas, for on 
passing the gas through alcohol a part was absorbed, which was 
afterwards shown to be butyl-hydride, (C4 Hm,) while the 
part unabsorbed showed nearly the composition of marsh-gas, 
(CH4.) It was evident, therefore, that what appeared to be 
propyl-hydride, (C3 Hg,) was in reality a mixture of marsh- 
gas, (CH4,) and butyl-hydride, (C4 H^q,). 

In 1870 Prof. Henrj' Wurtz made an analysis of the gas from 
a well in West Bloomfield, N". Y. The results of this analysis 
are found in Silliman's Journal, (2) XLIX, p. 336. He found : 

Marsh-gas 82 .41 

Carbonic acid 10 . 11 

Nitrogen 4.31 

Oxygen .23 

Illuminating hydro-carbons 2 .94 

100.00 

The specific gravity of the gas was .693. 
The methods of analysis were not the usual ones of gas an- 
alysis, but some new absorption methods devised by himself, in 
conjunction with Prof. B. Silliman. 

This I believe is the extent of the published information on 
the subject. Prof. Otto Wuth, of Pittsburg, had made some 
qualitative examinations of one of the gases to be discussed in 
this report, and had established the presence of marsh-gas 
(GH4) as the main constituent of it. 

Through the kindness of Profs. Newberry and Morloy, I am 
also enabled to give the results of an analysis of the famous 
N"eff well, near Gambler, Ohio. 
Its composition is as follows : 

Oxygen 0.8 

Carbonic acid 0.3 

Carbonic oxide 0.5 

Marsh gas 81.4 

Ethyl hydride 12.2 

Nitrogen 4.8 

100.00 

Specific gravity, (calculated,) .64 

Specific gravity, (observed,) .65 
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The gases which I was requested to collect and analyze were, 
first, the gas of the Harvey well, in Butler county, at that time 
already used in the mills of Spang, Chalfant & Co., and Graft", 
Bennett & Co., at -^tna ; secondly, the Leechburg well gas, 
used in the Rogers & Burchfield mill, at Leechburg, and thirdly, 
the gas bubbling from a spring at Cherry Tree, Indiana county. 
To this list was afterwards added the gas of the Burns well, 
in Butler county, which it is now proposed to convey to Pitts- 
burg by a gas pipe-line. 

I will therefore describe the collection of these several 
gases and the qualitative tests made in several cases at the 
wells. 

The first collected was the Burns well gas. The well is lo- 
cated on the Delphy farm, three-quarters of a mile south of St. 
Joe, in Butler county. It is in the midst of a number of oil 
wells out of which oil flows from a depth of 1,650 feet. The 
gas comes from a level 50 feet lower, or from a depth of 1,700 
feet. The samples were collected at a pumping-house, one-halt 
a mile south from the well where the gas is used to heat the 
boilers of the pumping engine of an oil pipe-line. The pres- 
sure is here substantially the same as at the well, at the lowest 
estimate over 1 00 pounds to the square inch. I fastened my rub- 
ber tubing on a quarter-inch pipe eolinected with the main pipe 
from the well. The pressure was regulated by a valve. Seven 
tubes full were obtained and hermetically sealed before the 
blow-pipe. All necessary precautions were taken to obtain the 
gas absolutely free from air, a strong current having been al- 
lowed to stream through the tubes for five minutes or more. 

I also made two series of qualitative tests with diflerent 
chemical reagents. First, a current of the gas was passed for a 
considerable length of time through absolute alchohol. Fouque's 
results (see above) had rendered probable the presence of other 
and higher members of the marsh-gas series than (CH4). Now 
while marsh-gas itself is nearly insoluble in absolute alchohol, 
ethyl hydride (Cg Hg) is dissolved to the extent of 1| volumes, 
propyl-hydride (Cg Hg) to the extent of six volumes, and butyl- 
hydride (C4 Hj j) to the extent of eighteen volumes in one vol- 
ume of the alchohol. I therefore expected to saturate the al- 
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chohol with Buch of these hydro-carbons as might be in the 
gas. After ten or fifteen minutes passage of the gas, the bot- 
tles were tightly stoppered and sealed shut, to be afterwards 
examined in my laboratory. Second, a current of gas was 
passed for a length of time through bromine. This ele- 
ment combines directly with ethylene and other hydro-carbons 
of the olefine series. I would therefore by the use of bromine 
be able to ascertain the presence of small quantities of these il- 
luminating hydro carbons iii the gas. The bottles were also 
stoppered and sealed, to be afterward examined for the presence 
of the bromides of these hydro-carbons. 

The second gas collected was that of the Leechburg well. 

This well is in reality not in Armstrong county, but across 
the Kiskiminitas river from Leechburg, and in Westmoreland 
county. The gas is brought over the river through a larsre 
pipe to the rolling mill of Rogers & Burchfield. The gas 
has been flowing over four and one-half years, and has been 
used for two years in the mill. It comes from a depth of 1,200 
feet, and throws out with it a quantity of salt water. A well 
was sunk at Apollo, seven miles above, for gas, but none was 
found. There are also no oil wells nearer than the ones in 
Butler county, twenty miles distant. 

The gas was taken in the mill from a quarter-inch pipe com- 
municating directly with the main supply pipe brought across 
the river. The pressure was very great, aad had to be con- 
trolled by a valve. I collected here five tubes full of the gas. 
The same absorption tests with absolute alcohol and with brom- 
ine were made here as those just described under the collection 
of the Burns' gas. The bottles were sealed and packed away 
for subsequent examination. 

The third gas collected was that from the Harvey well. 
This gas comes, from a depth of 1,250 feet. I did not collect 
it^ however, at the well, but at Spang, Chalfant & Oo.'s mill 
at j^tna, where it is brought through a line of six-inch pipe, 
eighteen miles long. Its pressure is still very considerable. I 
took it from a quarter-inch supply pipe, just in the rear of one 
of the ovens, where its pressure is indicated by a guage. Five 
tubes full were collected with all needful precautions against 
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contamination by air or other gases. I did not make any ab- 
sorption tests in this case. 

The fourth gas collected was that at Cherry Tree, in Indi- 
ana county. This gas escapes in bubbles through what looks 
like an ordinary spring of water. I was told that a well had 
been sunk some 500 feet in quest of oil, when the work had 
been interrupted, and owing to insufficient piping the well filled 
with water, through which the gas forces its way. The water 
is not salt. Here I used a large-sized druggists' funnel, which 
when inverted over the water and dipped slightly under its 
surface formed an excellent reservoir for the gas. The neck of 
the.funnel was connected tightly by a piece of rubber tubing 
with the series of tubes prepared for the gas. These were filled 
and hermetically sealed as before. No absorption tests were 
made. 

Before proceeding definitely to the analysis of the samples 
thus collected, the qualitative tests made by means of the ab- 
sorption reagents were attended to. These tests were made 
with the gas from two of the wells. The i atural ~ gas had 
been passed, as described, through absolute alcohol and 
through bromine. The first gas thus examined was the Burns' 
well gas. The alcohol which should have absorbed certain 
gases was transferred to a small flask, and sufficient additional 
absolute alcohol added to completely fill the flask. A cork per- 
forated and carrying a delivery tube, was then fitted to it, so 
that the excess of alcohol filledthis tube also. The fiask was now 
heated, and the gas given off was collected in an eudiometer tube 
over warm water. I obtained thus some 150 cubic centimeters of 
gas. The operation was pushed until only alcohol vapor was given 
off, which was absorbed by the water. To the gas in the eudiome- 
ter I then added rapidly an equal volume of chlorine, and allowed 
it to stand exposed to diffused sunlight. Oily<irops formed at 
once, while the volume of gas contracted until it occupied only 
about one-half of the first volume. This showed the probable 
formation of ethj'l-chloride, (Cg Hg CI,) which is gaseous at 
temperatures over 12° C. and of either propyl-chloride (Cj II, 
Gl.,) which is liquid at temperatures under 52° C, or of butyl- 
chloride, (G4 Hg CI,) which is liquid at temperatures under 
77.6° C. On inverting and applying a flame to the gas in the 
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eudiometer, it was found to be inflarnmable, burning with the 
greenish ilame characteristic of ethyl-chloride. The water upon 
which the oily drops had collected was put into a small flask, 
and au attempt was made to separate them by distillation. 
This was, however unsatisfactory, as there could only have been 
very small quantities of either propyl-chloride or butyl-chlo- 
ride. The result of these tests may therefore be summed up as 
showing the certain pressure in the gas of ethyl-hydride (Cj 
Hg) and probable presence of either C3 Hg or C4 Hiq. 

The other qualitative test made upon this gas was with brom- 
ine. This was placed in a porcelain dish, and water added. 
Pure sodic hydrate was then added to neutralize the excess of 
bromine. The sodium bromide formed dissolved at once in the 
water. There remained no trace of oily drops such as would 
be caused by the bromides of the illuminating hydro-carbons. 
The sodium bromide was afterwards crystalized out perfectly 
pure. The test was therefore entirely negative in its results. 

The other gas examined by these absorption tests was the 
Leeehburg gas. The absorbed gases were driven oft" from the 
alcohol in the same way by heat. I obtained here only about 
100 cubic centimeters of gas. An equal volume of chlorine 
was mixed with it, when a contraction of about one-third took 
place. On inverting the eudiometer tube, the gas proved to be 
inflammable, and burned with a greenish flame. Oily drops 
were distinctly seen, forming a thin layer upon the water, but 
not enough to distil. Ethyl-hydride was therefore the only 
constituent positively shown to exist in the gas, although either 
propyl-hydride or butyl-hydride must have been present also, 
giving rise to the oily drops of chloride. 

On examining the bromine used for the other absorption 
test, there was apparently a slight layer upon the surface of the 
bromine which might have been ethylene bromide. On neu- 
tralizing the excess of bromine, however, no distinct evidence 
could be had of the presence of the bromide, so that the result 
was left uncertain. 

The quantitative analyses were next undertaken. These 
were made by the methods of gas analysis devised by Prof. 
Bunsen. They are rather tedious, and require great care in ihe 
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manipulation, but are more accurate than any of the other 
methods since devised. 

The analysis of a gas by these methods resolves itself into 
two distinct parts, viz: the successive absorption of certain 
constituents by suitable reagents, and the ignition of the in- 
flammable gases mixed with oxygen and air in a closed eudi- 
ometer tube, provided with platinum electrodes, between which 
the spark is passed. 

In the following analyses the carbonic acid, carbonic oxide, 
illuminating hydro-carbons and free oxygen were tested for, 
and when present removed by suitable absorption reagents, 
while the hydrogen, marsh-gas and ethyl-hydride were deter- 
mined by the eudiometer analysis. Any nitrogen present re- 
mains over, and is estimated at the conclusion of the analysis. 

Bums Well Gas. 

Two complete analyses gave the following results : 

Carbonic acid .34 .35 

Carbonic oxide trace. trace. 

Illuminating hydro-carbons 

Hydrogen: 6.06 6.15 

Marsh-gas (CH4 ) 75.75 75.12 

Ethyl-hydride (C2 He ) 17.84 18.39 

Propyl-hydride (Cj Hs ) trace. trace. 

Oxygen 

Nitrogen 

99.99 100.01 

The average would therefore be : 

Carbonic acid .34 

Carbonic oxide trace. 

Hluminating hydro-carbons 

Hydrogen 6 . 10 

Marsh-gas 75.44 

Ethyl-hydride 18.12 

Propyl-hydride trace. 

Oxygen 

Nitrogen 

100.00 

Leechhurg Gas. 

The average composition of this gas, as deduced from t\i"') 

analyses, is as follows : 

Carbonic acid .35 

Carbonic oxide .26 
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Illuminating hydro-carbons .56 

Hydrogen 4 .79 

Marsh-gas 89 .65 

Ethyl-hydride ; 4.39 

Propyl-hydride , trace. 

Oxygen , 

Nitrogen 

100.00 

Harvey Well Gas. 

The average composition of this gas is as follows : 

Carbonic acid .66 

Carbonic oxide trace. 

Illuminating hydro-carbons 

Hydrogen '. 13 .50 

Marsh-gas 80 . 11 

Ethyl-hydride 5.72 

Propyl-hydride 

Oxygen 

Nitrogen 

99.99 

Cherry- Tree Gas. 

The average composition of this gas, deduced from two com 

plete analyses, is : 

Carbonic acid 2'.28 

Carbonic oxide 

Illuminating hydro-carbons 

Hydrogen 22 .50 

Marsh-gas 60 . 27 

Ethyl-hydride 6.80 

Oxygen .83 

Nitrogen 7 .32 

100.00 

It will be seen that the first three of the gases just analyzed 
are very similar in composition, while the gas escaping from 
the spring at Cherry Tree, differs very considerably from the 
others. The larger amount of carbonic acid, and the presence 
of free oxygen and nitrogen are the chief points which distin- 
guish it. It is only natural, however, that a gas escaping from 
fresh spring water, should contain these gases, as they are the 
gases usually dissolved in spring waters. 

As to the other constituents of these gases, hydrogen, marsh- 
gas, and ethyl-hydride, are the most important ones. In the 
case of two of the gases — the Burns gas and the Leechburg 
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gas — qualitative tests directly proved the presence of the iLarsh- 
gas and ethyl-hydride. In all the gases the results of the eu- 
diometric analyses were substituted in the same formulas given 
by Bunsen in his methods of gas-analysis, and it was found 
that these were the only compounds which would yield the 
analytical results obtained. 

If now we make a comparison of these results with those 
obtained by Fouque and by Prof. "Wurtz, we find certain points 
of similarity, with some striking diftierence. The greatest dif- 
ference is at once seen to be the presence of free hydrogen in 
all these gases. Neither Fouque nor Wurtz found any. How- 
ever, there is ready proof for the reality of its presence in the 
gases analyzed. 

Fouque (loe. cit.) deduced theoretically, and proved experi- 
mentally, the correctness of the following equation where the 
gases analyzed in the eudiometer were exclusively members of 
the marsh-gas series of hydro-carbons like 0114 and Cj Hg — 
the carbonic acid formed is equal to twice the contraction pro- 
duced by the explosion, minus three times the volume of gas 
taken; or, transposed, twice the contraction equals the carbonic 
acid plus three times the volume of gas. ITow, if hydrogen 
were present, in the explosion it would give a contraction 
greater than that of marsh-gas, as the water formed would 
condense, while no carbonic acid would be formed. The con- 
traction observed would therefore be greater than that required 
by Fouque's equation. This was the result obtained every 
time. 

It will be remembered, too, that by the previous absorption 
tests I removed carbonic oxide and hydro-carbons of the ethy- 
lene series, so that there could be no inflammable gases there but 
Hydrogen and the members of the marsh-gas series. The in- 
variable presence of ethyl-hydride, and other higher members 
of the marsh-gas series alluded to, is in accord with Fouqu6's 
results, and as was stated, was proved also by qualitative tests. 
"Wurtz tound none, but it may be that his absorption methods 
did not allow him to distinguish between them and marsh- 
gas, of which he finds 82.41 per cent. 

The almost complete absence of the illuminating hydro-car- 
bons is also in accord with Fouque's results. He found abso- 
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lately none. Wurtz, on the other hand, found 2.94 percent of 
them in the gas analyzed by him. The specific gravity of the 
gases, as calculated from analyses given above, is as follows : 

Burns well gas 6148 

Leechburg gas 5580 

Harvey well gas 5119 

Cherry Tree gas 

In one case only did I have a sufficient amount of the gas to 
verify this calculated value by direct experiment. The Burns 
Well gas was also tested experimentally and a determination 
of the specific gravity was made. The method used was that 
given by Bunsen, in which the velocity with which the gas es- 
capes through a minute orifice, as compared with tlie velocity 
of air under similar circumstance, is used to give us its specific 
gravity. 

The result of the determination was as follows : Inverse ra- 
tio of squares of times of difii'usion, 1 : .6977, which therefore 
represents the sp. gr. of the moist gas (as taken from the well). 
The calculated sp. gr. of the dry gas was .6148. 

The calorific va,lue of these gases remains to be discussed 
These calculations must, however, be taken with some allow 
ance, as they involve the use of physical constants very diffi- 
cult of determination and as to the exact value of which there 
is some doubt. Moreover, the calculations pre-suppose a perfect 
combustion, which in practice is never reached, although more 
nearly attained with gaseous fuel than with solid. 

Two classes of results will be given — First, the ca/on^c power- 
of the gases expressed in what are called calorific heat-units, 
that is the number of units by weight of water that will be 
raised 1° C. in temperature by the burning of one unit of the 
gas ; and, secondly, the calorific intensity, or the maximum tem- 
perature developed in the process of combustion, and to which 
the products of combustion can be healed in the course of that 
combustion. 
The calculation for the Burns Well gas is as follows : 
Composition of the gas (average)— 

•34 CO2 ) r 84 CO3 

.f'iJpTT 1- Equivalent to J 28 58 H. 
75.44 CH4 f i I 71 08 C. 

18.12 C^H J 
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28.58 hydrogen in burning require 228.64 oxygen, which, if 
taken from the air, have 756.9 nitrogen mixed with them. 
71.08 carbon in burning require 189.55 oxygen, which in the 
air are mixed with 627.5 nitrogen. 

The products of the combustion are : — 

260.63+0.34= 260.97 CO^ 
257.22 H2O. 
1384.4 N. 
28.58 hydrogen burning generate 28.58X34.462=9849.20 

calorific heat-units. 
71.08 carbon burning generate 71.08X80.00= 6743.30 
calorific heat-units. 



Deduct latent heat of water, 257.22X537= 



15592.50 
= 1381.20 



14211.30 
14.211 calorific heat units therefore represent the calorific 

power of the Burns Well gas. 

The calorific intensity of the gas is then — • 

CO2— 260.97X.2169= 56.6 

H2O— 257.22X. 4805=123.6 

K —1384.4 X. 2438=337.5 



14211 
517.7 



517.7^Specific heat of the products of 
combustion. 

=2745° C=:theoretical temperature attainable. 



For the Leechburg gas we have the following calculation: 
Composition of gas — 



.35 CO, 
.26 CO 
.56 C„ H 

4.79 H. 
89.65 CH4. 

4.39 C2 Hg. 



2n 



y Equivalent to. 



28.16 hydrogen require in burning - 
71.23 carbon require in burning 
.26 carbonic oxide require in burning, .15 oxygen. 



.35 CO2. 

.26 CO. 
28.16 H. 
71.23 C. 

225.28 oxygen. 
189.95 oxygen. 
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The whole amount of oxygen, if taken from the air, is mixed 
with 1375.4 nitrogen. 
The products of combustion, are 

261.18 X. 41 X. 35= 261.94 COj. 
253.44 II^O. 
1375.4 N. 
28.16 hydrogen burning generate, 28.16X34.462= 9704.40 

calorific heat units. 
71.23 carbon burning generate, - 71.23X8080= 5755.30 
.26 carbonic oxide burning gen- 
erate, - - - '. . .26X2403=0006.25 



15465.95 
Deduct latent heat of water, 253.44X537= 1361.00 



14104.95 
14105 calorific heat units therefore represent the calorific 
power of the Leechburg gas. 
The calorific intensity of the gas is then, 
CO2— 161.94X.2169= 56.815 
H2O— 253.44X. 4805=121.77 
N. —1375.4 X. 2438=335.22 



513.80=Specific heat of the pro- 
ducts of combustion. 
14105 



513.8=2746°C=theoretical temperature attainable. 
The calculation for the Harvey well gas is as follows : 
Composition of the gas — 



.66 CO2 
13.50 H 
80.11 OH, 
5.72 0,H„ 



.66 CO2 



Equivalent to, ■{ 34.674 H 
64.656 C 



84.674 hydrogen in burning require, 277.39 oxygen, which in 
the air would be mixed with 918.2 nitrogen. 

64.656 carbon in burning require 172.42 oxygen, which in 
the air would be mixed with 570.8 nitrogen. 



158 L. r. PLATT, COKE REPORT OF 1875. 

The products of the combustion, are 

237.07X.66=237.73 CO^ 
312.066 H2O 
1489.0 ]sr 
34.674 hydrogen burning generate, 34.674X34462=11949.00 

calorific heat-units. 
64.656 carbon burning generate, - 64.656X8080=5223.20 
calorific heat-units. 



17273.20 
Deduct latent heat of 312.066X537= 1675.80 



15597.40 
15597 calorific heat units, therefore, represents the calorific 
power ot the Harvey well gas. 

The calorific intensity of the gas is then, 
(Xj— 237.73 X.2169= 51.56 
H20— 312.066 X. 4805=149.94 
N-_1489.0 X. 2438=363. 



564.5=Specific heat of the products 
of combustion. 
15597.4 

^2763° C. ^Theoretical temperature attainable. 

504.5 

With the Cherry Tree Gas I did not make any calculations 
as to calorific value, as from the very different circumstances of 
its occurrence there was no likelihood of its ever being utilized. 

If now we wish to compare these gases considered as fuel 
with other combustibles, we can either take the calorific power 
or the calorific intensity as the basis of comparison. In the 
case of hydrogen, or any compound containing hydrogen, the 
latter is taken as the most reliable basis, inasmuch as the latent 
heat of the water formed in the combustion has to be deducted 
from the sum total of calorific heat units, and the specific heat 
of water is so much greater than that of carbonic acid that the 
calorific intensity is greatly reduced in this case. 

Thus, 100 parts by weight of hydrogen burned in oxygen 
give 3446200 heat units, or minus the latent heat of the 900 
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parts of water formed, 2962900 units. The specific heat of 900 
parts of water, however, is 432.5, so that the calorific intensity 
becomes 6850° C. 

On the other hand, 100 parts of carbon burned in oxygen give 
808000 heat units, with no deduction for latent heat. The spe- 
cific heat of 366.6 parts of carbonic acid is only 79.5, so that 
the calorific intensity becomes 10163° C, or greater than that 
of hydrogen. 

Subjoined are given the calorific powers of difi'erent combus- 
tibles : 

Hydrogen 34 .462 units. 

Marsh-gas 13.063 " 

Olefiant gas 11 .858 " 

Ether 9.. 027 " 

Alcohol 7.184 " 

Petroleum 10.000 

Sulphur 2.221 " 

Wood charcoal 8.080 " 

Carbonic oxide 2.400 " 

Dry wood, (about) 8.654 " 

These results are those obtained by Favre and Silbermann 
and others, by the most careful scientific methods. The follow- 
ing list taken from Kerl and Stohmann's new German edition 
of Muspratt's Technical Chemistry, gives the theoretical calor- 
ific power of diflrerent coals &c., and that observed in the best 
practice. 

Combustible. Theoretical Observed 

power. power. 

Illuminating gas 23.975 22.000 

Petroleum 11.380 10.200 

Anthracite 8.250 8.100 

Bituminous coal (mean) 7.700 7.500 

Charcoal 7.400 7.000 

Coke (pure) 6.800 7 .000 

Coke (with 15 per cent ash) 6.000 

Lignite 6.000 5.800 

Peat (dry) 4.500 4.800 

Peat (with 20 per cent water) 3.600 

■Wood(dry) 4.180 3.600 

Wood (with 20 per cent water) 2.800 

If now we endeavor to classify these combustibles according 
to their calorific intensity, we get other results entirely. Thus 
we have : 
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Combustible. 
Carbon 



Carbonic oxide. 



Burned in oxygen. 

9873° C. 
(Theoretical, 10179O) 

53160 
(Theoretical, 7090°) 

6308O 

4766° 



defiant gas 

Marsh gas 

Wood 

Peat 

Lignite 

Bituminous coal, (with 5 per cent water and 5 per 

cent ash) 

Charcoal 

Coke, (with 10 per cent water and 5 per cent ash) . . 
Colce, (with 5 per cent water and 3 per cent ash) . . . 
Coke, (without water and with 3 per cent ash) 

It will be seen from the calculations made with these natural 
gases that in calorific power they come second only to hydrogen 
itself, while in calorific intensity they possess a theoretical value 
higher than almost any known fuel. How much the observed 
intensity falls short of that ascribed by theory remains to be 
tested. 



Burned in air. 

2458° O. 
(Theoretical, 2703°) 
2121° 
(Theoretical, 2828°) 
2290° 
1935° 
1575° to 1750° 
1575° to 2000° 
1800O to 2200° 

2200° to 2350° 

2100° to 2450° 

2300° 

2400° 

2450° 
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APPENDIX C. 

Durability of the Natural Gas Supply. 
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The chemical composition of Natural Gas has been fully 
gjiven in Appendix B of this volume, and its efficiency as a fuel 
in puddling iron, the calorific eli'ect, the method of piping the 
gas for long distances, and the leakage and loss of pressure 
thereby sustained, will be discussed in Appendix D. The re- 
maining point, and one of great practical importance, is "What 
is the probable durability of the naturalgas supply?" 

The Report of the Second Geological Survey of Pennsyl- 
vania on the Oil Regions of the State will contain, with the 
facts concerning the oil wells, the facts concerning the gas sup- 
ply ; and when all these are gathered and studied, a much 
more authoritative judgment can be given. But in view of 
the demand for some immediate opinion on this subject, a judg- 
ment necessarily more or less tentative is given below from 
the material gathered for the purpose of making this report. 

The gas is found at dift'erent geological horizons, the rich il- 
luminating gas of Fredonia, New York, and the less rich gas 
of Erie, Penna., underlying by several hundred feet the oil 
sands which yield the Butler County Gas. These gases diifer 
decidedly in quality, ranging from a five and a half candle 
power in Butler county to an eight candle power at Erie and a 
ten candle power at Fredonia, N. Y. 

But the chief point is the diiference in the quantity of gas 
yielded by wells down to these dift'erent horizons. 

The yield of gas from wells on horizons either above or be-' 
low the oil sands is usually small, while the gas yielded from 
the oil sands is enormous in amount. So far as past develop- 
ment shows in Pennsylvania, therefore, it is to the oil sand 
rocks that we must look for large supplies of natural gas. 

The gas well of Messrs. Rogers and Burchfield is in Alle- 
gheny township, Westmoreland county, on the south bank of 
the Kiskiminetas river, directly opposite from Leechburg. 
11— L. 
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Tlie accompanying record was taken from Mr. Beale's book, 
kept while drilling.* 

Leechburg Well. 

Conductor. Thickness. 22' 

Sand rock 

Limestone, with gas and water 

Fire-clay 

Soft, loose shale 

Blue pebble j 

White sand >XII ?.... 

Dark pebble 5 

Soapstone 

Blue rock 

Red rook XI ? 

Dark slate 

White sand, with little salt water 

Blue slate 

Soft blue rook 

Grey sand rock 

Soapstone 100' 

Soft, changeable rock, with strong vein of 

salt water 

White sand rock 

Shale 

Blue rock, hard shells 

(Struck present gas vein.) 

Pebble and sand rock mixed 

Blue rock, hard shells 

Depth of well, July 3, 1871 

The sand rock from which this gas comes is probably the 
first sand. It is noticeable that no coal beds are mentioned 
as passed through in this well ; yet coals are struck in numer- 
ous salt wells between Leechburg and the Allegheny river. 

The well flowed gas steadily for three years before any eftbrt 
was made to utilize it. It is said that the flow is about as 
strong now as when flrst struck, but there are no well recorded 
facts about the matter. 

At the time of examination, in 1875, the gas was conveyed' 
from the well in a 5|-inch pipe into the works of Messrs. Rog- 
ers & Burchfield, and was doing work which had required from 
1,600 to 2,000 bushels of coal daily. 

The gas well at Saxon Station, on the Butler branch of the 

■* These facts were obtained from Mr. J. F. Carll, Assistant on the Second 
Geological Survey of Pennsylvania, engaged in the oil regions. 
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West Pennsylvania railroad,inW infield township, Butler coun 
ty, ten miles from Freeport, was put down in the spring of 
1874. Very heavy flow of gas. Aneroid barometer elevation 
450 feet above Freeport, or about 1,200 feet above tide. 

Owner's record from memory, probably not very reliable, ex- 
cept as to gas vein. 

Cased at 580 

At 270' (?) black limestone 60' thick to 330 

At 1150' 1st sand and gas 50' thick to 1200 

At 1420' 2d sand and gas 40' thick to 1460' 

At 17"3' 3d sand, shelly and popr 10' thick to 1710 

Ceased drilling at 1,857'. No oil. 

Gas from top of first sand when struck, exploded and burnt 

the derrick. 

The gas in the well is from the " first sand." 

The " Thorn Creek Well" Two Miles West of Saxonburg, Jef- 
ferson Township, Butler County. 

Cased at 720' 

Black limestone, at 200' 

White limestone, at 480' 

First sand, show of oil, at 1250' 

" Clover-seed pebble," from 1425' to 1450' 

Sand, gas and oil, from 1485' to 1525' 

Slate 25' to 1550' 

Colored pe -ible 17' to 1567' 

Slate 33' to 1600' 

Sand 35' to 1635' 

Slate 40' to 1675' 

Rand and oil 20' to 1695' 

Slate to bottom ISO' to 1825' 

(Dry.) 

Mahan Well, Middlesex Township, Butler County. 

Cased at 660' 

At 200' Coal seam 4' thick. 

At 290' Coal seam 2' thick. 

Black limestone ,.... 20' from 295' to 315' 

Coal ,... 8' from 640' to 648' 

White limestone and sand ." . 90' from 675' to 765' 

Sand shells and slates 100' from 1150' to 1250' 

Sand and fresh water 60' from 1350' to 1410' 

Black loose sand, 10 feet thick, with 

amber oil and trace of salt water, 

oil like Smith's Ferry oil, from 1470' to 1480' 

Grey sand 50' from 1480' to 1530' 

Red rock 10' from 1545' to 1555' 
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Boulder sand ay from 1565' to 1585' 

" Pebbly corn meal" or "Clover seed," 37' from 1623' to 1660' 

Slate 4° from 1660' to 1700' 

"Pink clover-seed" 25' from 1700' to 1725 

Fine white sand 15' from 1740' to 1755' 

Producing good gas and about lObbls. 
oil per day. 

Slate 30' from 1755' to 1785' 

Still drilling, (May 1875). Sample of 
oil brought to Pleasantville shows a 
gravity of 40°. 
Record given by one of the owners, Mr. F. A. Conkle, ot 
Butler. 

The " Harvey "Well" is near Larden's Mill, Clinton town- 
ship, Butler county. 

The following record was furnished by Mr. Smith, an ex- 
perienced driller and part owner in the well : 

Conductor 8' 

Slate and fire-clay 20' to 28' 

Coal 6' to 34' 

Slates 46' to 80' 

Sandstone 50' to 130' 

Slates 80' to 210' 

Sandstone 20' to 230' 

Slates 50' to 280' 

Black limestone 15' to 295' 

Coal 5' to 300' 

Slate 80' to 380' 

Sandstone 20' to 400' 

Slate 20' to 420' 

White limestone, sometimes called "Blue 
Monday" and "Lightning Rook," on account 
of its extreme hardness, six weeks being 

consumed in drilling through it in the well, 100' to 520' 

Blue slate with gas '. 40' to 560' 

Slates and shale 100' to 660- 

Mountain sand 160' to 820* 

Cased oflF salt water which came out on top of 
this rock at 720 feet. 

Slates 25' to 845' 

Sandstone ,a 40 to 885' 

Sand shells -..:'. 15' to 900' 

Sandstone 20' to 920' 

Slate, good drilling..... 180' to 1,100' 

Sandstone, with gas 15' to 1, 115' 

Slate 5' to 1,120' 

Gray sand, with a little salt water and gas, in- 
creasing all the way through the sand until 

compelled to stop 20' to 1, 140' 

Depth of well— 1, 140' 
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This well is is also getting its gas flow from the first sandl 
The pressure of the gas is enormous. When examined in 
May, 1875, by Mr. J. F. Carll, the steam gauge attached to one 
of the pipes indicated a pressure of one hundred and fifty 
pounds, the gas still having full vent through another two-inch 
pipe, which they dare not close for fear of lifting the casing 
out of the well. 

In February, 1876, the pressure of the gas at the Harvey 
Well was one hundred and twenty pounds, a heavy falling off 
from the figures of May, 1875. 

The Burns and the Delamater G-as Wells are about half a 
mile apart and lie seven miles north-east of Butler, Butler 
county. The wells are about 1,600 feet deep and are on the 
"Fourth Sand Rock" of the Butler Region. The Delamater 
Well produced oil from the "Third Sand."' The pressure of 
the gas was very great (in December, 18 75,) and it was reported 
that at the Burns Well it had been tested up to three hundred 
pounds to the square inch, and that the pressure was then taken 
off to prevent the casing from blowing out. The pressure at 
the Delamater Well was also very great, but has decreased de- 
cidedly, though the exact figures and ratio of decrease are not 
known. 

The Fairview Well, one mile west of Petrolia,has yielded enor- 
mous quantities of gas. The pressure at first was very great, 
but not accurately recorded. Of the recorded pressures, it 
shows first yielding gas at 125 pounds pressure, with a slow 
and steady decrease. One year later it measured 60 pounds of 
pressure, and in February, 1876, the pressure was 22 pounds.* 
The gas is used for lighting Petrolia and other places in the re- 
gion. 

There is no other gas well in the immediate vicinity of this 
one, and it seems to bo yielding less and less gas simply by its 
own exhaustion of the supply. 

The gas struck in several borings for oil made near the mouth 
of Jacob's creek, an affluent of the Youghiogheny river and 
forty miles south of Pittsburg, has already been described on 
pp. 109-111 of the Youghiogheny Valley Report in this vol- 
ume. It is only needful here to refer to that description, and 
*This information was given by Mr. Cliristy. 
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to call attention to the fact that the gas was at that time a nui- 
sance, and was likely, if possible, to be underrated as to its 
quantity and persistency. 

This same difficulty is experienced in securing facts concern- 
ing the gas flow in the Venango county oil regions, and most 
of the figures are apt to be estimates from memory, and rai-ely, 
if ever, from measured pressure at the time. 

The East Sandy Region furnishes an instance of a total 
cessation to a gas yield. Mr. H. L. Taylor, a Well known oil 
operator, furnishes the facts as observed by him thus : 

1. That in this East Sandy region, eight miles south south- 
east of Oil City, a well yielded large quantities of gas for years, 
falling off but little in pressure. This was an oil producing 
well also. 

2. Sixty wells were drilled in the vicinity of this first 
one. Very little oil was obtained, but nearly every well yielded 
gas. The first well continued to flow gas, but steadily dimin- 
ished in pi'essure as the adjoining wells yielded gas, and finally 
gave out entirely. This decrease was regular, and dependent 
upon the wells drilled directly around it. 

The Milton "Well on the ITelson farm, just north of Titus- 
ville, Crawford county, yielded gas sufficient to supply Titus- 
ville with light and furnish fuel for boilers. This supply has 
gradually fallen off to a mere small fraction of the original 
yield. The life of the well was about three years, and no new 
wells yielding gas were put down near to it to assist in exhaust- 
ing the gas supply. 

A gas well at Freeport, Armstrong county, is now supply- 
ing gas to run the boilers of a 40-horse power engine in the 
planing mill at that place. The well is 1,900 feet deep. The 
gas was struck at 1,080 feet, and no more gas was found below 
that point. The well starts about 35 feet below the Lower Free- 
port Coal Bed. The record has been destroyed by fire and the 
statement below is from the memory of the owners : 

Small coal at 90' 

Limestone at about 800 

Shell rock and sandstone from that point 
down. 

Some pebbles between 1,450' and 1,500' 

White soft sand at 1, 500' 



& 
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The gas shows good illuminating power, but has not been 
tested for candle power. 

Though no accurate measurements have been kept of the 
pressure at this well, the engineer reports that from the amount 
of work done by it there has been no falling off in pressure in 
the two years during which the gas has been used. There is 
no other well in the vicinity. 

In noting these gas wells no attention is paid to those wells 
where a sudden and generally very violent outflow of gas oc- 
curs, lasting perhaps an hour or even for a day, and then ceas- 
ing entirely ; only those wells are noted which, after their first 
fierce outburst, continue to yield gas with a regular and nor- 
mal pressure, and give evidence that they are drawing upon a 
considerable quantity below. 

'No gas has ever been utilized in the Venango County Region 
for iron puddling, and the records of gas pressure and supply 
have not been kept as they now are in the Butler Region. 

Mr. J. F. Carll, assistant on the Second Geological Survey of 
Pennsylvania for the Oil Region district, who is familiar with 
the facts in reference to gas flow from the Venango county oil 
country, is of opinion that the records show the same in the 
main as the Butler count}'- facts already recorded. These facts 
from both regions may be summarized thus : 

1. That gas wells have a life just as oil wells have. 

2. That one well, left alone without other wells around, will 
continue to yield a regular supply of gas for a long time ; but 
that when numerous wells are put down around it the gas sup- 
ply is soon entirely exhausted. 

3. That when an oil well ceases to yield, a second well in the 
vicinity may and frequently does find oil ; but that when a 
well ceases to flow gas new wells in the vicinity find no gas. 

The records and statistics given above are all for gas wells 
deriving their gas from the " oil sands." The facts of the gas 
yields at Erie, Pa., and Fredonia, IST. Y., both drawing their 
gas supply from a lower geological horizon are given below, and 
their testimony goes far to confirm the conclusions already 
given in reference to the gas yields from the oil sands. 

In and around the city of Erie there are some fifty gas wells. 
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• The first well of which the gas was utilized was put down 
about one hundred and fifty yards from the Jarecki Manufac- 
turing Company's Work, where the gas was used. It yielded 
largely at first, but the amount steadily decreased. This well 
was six hundred feet deep. 

A second well, put down by the company on their own 
ground, yielded largely. It was put down seven years ago ; 
found gas at 200, 250, 400 and 600 feet deep, and is in all 700 
feet deep. It at first supplied gas enough to take the place of 
four tons of coal daily and to light the works. It now only 
partially lights the works. 

These two wells are in the valley of a small creek. When 
other wells were put down in the same valley to the north of 
the works, the ett'ect upon the yield of gas from the company's 
well was immediate and decided. 

At Steam's Works there are two wells, one 700 and one 1,400 
feet deep. The supply of gas was originally large, but is now 
fallen ott' to a small quantity. 

The Erie Gas Company have put down two wells and use the 
gas in supplying the city. 

Gras Well Iso. 1, is down to a depth of 750 feet. Gas was 
struck at 300 feet and at 360 feet. 

The pressure at first was 50 pounds to the square inch, but 
this fell oft", and the pressure is now extremely irregular, never 
very great, and sometimes ceasing entirely and then coming 
back with temporarily much increased pressure. 

Mr. Caughey, the President of the Company, who furnished 
the above , facts, states that the natural gas is much heavier 
than the illuminating gas manufactured by them. He says 
that the natural gas is an 8 candle gas ; their manufactured gas, 
made from one-half Sharon and one-half Beaver Coal, being a 
16 candle gas. 

Gas Well No. 2, which was put down close to No. 1, yielded 
nothing. 

In Mr. Evans' well, also, the gas occasionally stops flowing 
entirely, and then after a few days begins flowing again with 
as much as double the normal pressure. 

Messrs. Oliver and Bacon have two wells. No. 1, down 470 
feet, and Ko. 2, down 600 feet. Xo. 2 never yielded anything. 



NATURAL GAS SUPPLY. L. 169 

In well N'o. 1 gas was found all the way down, and at 450 feet 
deep the pressure was very heavy. 

The pressure of the well at first is estimated at 60 to 80 
pounds. This pressure lasted for six months. The well is five 
inches in diameter, and the gas originally ran all the power^ 
(100 horae,) taking the place of three tons of coal daily. Now 
2,200 pounds of coal daily are used, and the gas does the re- 
mainder of the work. The pressure is reported to be now even 
and regular, and no falling off is noticed. 

The Erie Wateir Works have two gas wells. In 'So. 1, there 
was gas at 550 feet, but the amount was small, and the well 
was abandoned. 

No. 2, is 1,200 feet deep, but no gas apparently deeper than 
800 feet. The pressure at first was very heavy, but soon set- 
tled down to a normal rate, which now keeps very even. 
The gas yielded takes the place of two tons of coal daily. 
The well hole is six inches in diameter. 

The Swalley well, which is down in the valley of the small 
run on which the Jarecki wells were put down, is yielding gas, 
but in the absence of accurate figures, can only be said to have 
lost three-fourths of its pressure in ten years. 

The well at the mouth of this small run, where it empties 
into Lake Erie, continues to yield gas with a very regular 
pressure. Messrs. Rawle, Noble & Co., have carried it with 
pipe from the well to their furnace, one mile to the eastward. 
The well is 800 feet deep, and shows a pressure of gas of 25 
pounds. This pressure is variable, but Mr. Noble thinks, shows 
no regular falling off. 

At the Erie Car "Works, (Messrs. Davenport, Fairburn& Co.,) 
IJ miles south-west of Erie, there are two gas wells. 

Well, No. 1, is down 705 feet, and was put down in Decern 
Der, 1870. Some gas was found near the surface, within the 
first 60 feet ; fresh water at 147 feet ; gas at 213 feet ; much 
gas at 580 feet, and again gas in the bottom of the well. The 
water now pumped is salt ; the original pressure was 70 pounds 
to the square inch, it is now only 17 pounds. 

The well is six inches in diameter. The pressure is reported 
as not now falling off", but on the contrary, that it seems rather 
greater now than in 1874. 
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Well, No. 2, is down 700 feet. The pressure of the gas was 
very heavy at first, but is now about 17 pounds to the square 
inch. 

Mr. F. F. Adams has a gas well one-third of a mile east 
of the Erie Car Works. The well is down 750 feet. The 
first gas was struck at about 300 feet deep, and from that ou 
down at various depths to the bottom. The water in the well 
is slightly salt, and a little heavy oil comes with it. 

The pressure at first was heavy, but soon came down to the 
present moderate flow, which it keeps now apparently with no 
regular falling oflF. 

The Tracy Gas Well, two miles from Erie, is down 750 feet. 
Gas found at 400 feet ; much gas at 610 feet, and again gas at 
675 feet. The pressure kept evenly at about 25 pounds for the 
first 17 months, when it suddenly fell off" to about one-eighth 
of that pressure, and at that point, it has since remained con- 
stant. 

At Fredouia, New York, natural gas from an horizon far 
below that of the oil sands of Pennsylvania, has been utilized 
for many years. 

The gas was first found coming up in the bed of the creek 
in 1821, and was then used, though in a small way, for 
lighting some houses in the village. 

In 1 858 a gas well was put down on the creek, one-half mile 
north of this old well. Of this depth thirty feet were shafted, 
and one hundred and twenty feet of a four- inch bore hole. The 
gas supply from, this well has been and is regular in its average 
amount. 

A second well, four hundred and seventy-five feet deep, just 
along side of this well, failed to add anything to the gas yield- 
ed, the amount coming from the two wells being just what had 
been coming from the first one. The second was therefore 
abandoned. 

A gas well put down at the gas works, one-half mile away, 
was eight hundred feet deep and yielded nothing. 

Mr. Coburn put down a well in the town, at his mill, 1,250 
feet deep, which yields a regular supply of gas. The total 
yield, however, of these wells is only about 6,000 cubic feet daily. 

The president of the company renorts that Prof. liadley, of 
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Buffalo, on testing the gas found : " That of gas from the 
Buffalo Gas Works a six-foot burner burns six feet of 14-candle 
power ; of Fredonia natural gas, a six-foot burner burns three 
feet of 16-eandle power." 

The facts in reference to the natural gas wells, briefly given 
above, all point to the conclusion that gas wells have their 
regular life, and that the quantity of gas is a limited amount. 
If a single well is down and yielding gas, the pressure will re- 
main constant and the supply regular for many years, but as 
soon as new wells go down in the immediate vicinity the total 
gas supply is sooner or later exhausted, and all the wells cease 
yielding gas. 

The gas wells at Erie furnish an illustration of this fact. The 
wells in the city are close together, and materially affect each 
other's supply, keeping the pressure low and irregulai'. But 
the wells on the lake front record much greater regularity of 
pressure. The whole region north of the wells, under the wa- 
ter of the lake, is untouched by gas wells, and these wells, 
therefore, along the lake shore draw their even and regular sup- 
ply from this region. 

The necessary result of this would be that natural gas as a 
fuel for iron puddling and other uses must be confined to the 
position of an economical adjunct to other fuels. That is, for 
works in all other respects well situated for successful iron 
working, with a cheap coal supply immediately available upon 
a temporary or permanent ceasing of the gas supply, this 
natural gas can be brought in as a fuel and used with heavy 
saving of cost. But it is highly improbable that it could ever 
pay to locate works simply on a gas supply in a position where 
without the gas the works could not be successfully run. It 
is therefore as an economical adjunct, and not as a main source 
of supply that this gas must be regarded. 

As to the likelihood of finding gas at any given point, it 
rests in that respect precisely as does the probability of finding 
oil at any given point. The geological position of the "oil sands" 
below the surface can usually be given closely ; but whether when 
that horizon is reach ed the oil sands will be found as massi ve sand 
rock yielding no oil, or as pebble rock, yielding oil and gas, there 
is as yet no way of determining. Possibly these "belts" ol oil- 
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bearing pebble sands follow some regular lines, such lines de- 
pending upon the original ocean currents and shore lines, but 
if so these lines and this law are not yet worked out. Mr. 
Carll's work for the Second Geological Survey of Pennsylvania 
may go far towards settling this question. 

The "belts" of pebble rock in the Massive Sandstone of XII, 
the Serai Conglomerate of Rogers, represent a case very simi- 
lar to that presented by the development of the "oil sands." 
But so far no study of XIl has yet determined any regular 
laws or lines of pebble deposition. 

Take for example where the Fourth Anticlinal Axis west of 
the Allegheny Mountain crosses the Little Toby creek, in the 
northern part of Jefferson county. The Massive Conglomerate 
of XII is here brought high up into the hills, and shows enor- 
mous quantities of pebble rock. The axis runs on unbroken 
to the south-west and crosses the Sandy Lick creek twelve 
miles away. The same Massive Sand rock of XII is found on 
the Sandy Lick, but there is not a piece of pebble rock to be 
seen. 

Again the Conglomerate of XII is largely a massive pebble 
rock on the crest of the Allegheny Mountains, at the Snow 
Shoe in Centre county ; yet at the Tangascootae Basin and at 
the Susquehanna River to the north-east, the Conglomerate of 
XII shows no pebbles. 

"Were these rocks now deep buried and oil rocks, it appears 
as if the costly and slow process of boring wells would have 
marked out for us the change in the rocks as we now see it, 
and that their oil wells would have been on the pebble rock 
and their dry holes where it had turned to fine-grained massive 
sandstone. 
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Conveyance and Use of Natural Gas. 

The greater part of the following observations were made ou 
gas from the well of the Natural Gas Company, (Limited,) the 
only one at present supplying gas for manufacturing purposes, 
which is situated on Bull creek, at Ladnorsville, Butler county, 
about five miles west of Sarversburg, on the Butler Branch , 
railroad. It is an isolated well, situated some miles south of 
those districts of Builer county, which at present produce oil 
and in which, within the limits of Parker township the most 
remarkable gas wells exist. Of these the Fairview, the Delama- 
ter and the Burns wells attract the greatest attention from the 
enormous volume and great force of the gas current issuing 
from their tubes. The roaring of the gas when struck makes a 
powerful impression, not lessened by the fiercenessof its flame, 
if accidentally fired, and the great danger and difficulty of ex- 
tinguishing the conflagration. The well at Fairview emitted 
gas so powerfully that, whcTi accidentally fired, no flame ap- 
peared within 8 or 10 feet of the mouth of its tube, 5f inches 
in diameter, and it cost five hundred dollars to put out the 
flame. The contractor accomplished his task by digging a 
circular ditch round the well as a centre ; protecting himself 
by working on the windward side of the bank raised by 
the dirt, always thrown inward toward the well, he finally suc- 
ceeded in controlling the gas, by the cone of earth thus raised 
over the tube, sufiiciently to extinguish the flame. 

The Burns and Delamater wells, now the property of Messrs. 
Kirk and Dilworth, are situated within half a mile of each 
other, about seven miles north-east of Butler, and some fifteen 

[L. 173] 
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miles from the well of the Natural Gas Company. In a direct 
line these two wells are nearly thirty miles from Pittsburg. 
Both wells are cased with 5| inch pipe, and each is about 1,600 
feet deep, being drilled into the so-called " fourth sand." The 
Burns well never produced oil, while the Uelamater well yielded 
ten barrels per day by pumping so long as it ended in the " third 
sand," but, on being deepened, gas alone was found. The pres- 
sure of the gas was such that the drilling tools, weighing about 
1,600 pounds, could be drawn up by hand. It has been difficult 
to ascertain the pressure at these wells. The casing of the Burns 
well was fitted with a cap, into which were screwed five 
two inch pipes. When all were successively closed, the pressure 
rose to 300 pounds ; at that point a vent was opened, because 
that pressure was estimated to counterbalance the weight of the 
casing, and any further increase would have blown the latter 
out of the well. 

The following report was made on the Burns well by Mr. 
Otto Wuth, chemist, of Pittsburg : 

Pittsburg, Pa., October 18, 1875. 
Messrs. Kirk ^ Dilworth : ■ 

At your request I have visited your Burns gas well at the 
Dufty farm, in order to ascertain the quality of the gas and the 
amount produced, and now give you the result of my researches. 
The gas itself is almost altogether hydro-carbon of the compo- 
sition C4 Hg, mixed with but little oxide of carbon and car- 
bonic acid. Its illumi,nating power is equal to 7 J candles, coal 
gas being about 16. Its heating power is about 25 per cent 
higher than that of good bituminous coal of equal weight. 
Specific gravity of the gas is 1.56. [0.56, see below.] 

The pressure at the well — 5| inch tube — being 100 pounds 
per square inch, by actual experiment, the pressure of the gas 
when conducted through a 2 inch tube from the well to Free- 
port, fifteen miles, was reduced from 200 pounds to 125 pounds. 
It is therefore safe to assume that when starting with a pres- 
sure of 100 pounds and conducted through a 5f inch tube to 
Pittsburg, thirty-five miles, the loss by friction will not be 
more than one-half, so that the gas has a pressure of fifty 
pounds per square inch at Pittsburg. The velocity at which 
the gas at the pressure rushes into the air is in round numbers 
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1,700 feet per second. This number multiplied by the area of 
the tube, 17 square feet, gives 289 cubic feet per second, or- 
17,340 cubic feet per minute, or, in round numbers, 1,000,000 
cubic feet per hour. 

13.072 cubic feet of air weigh 1 pound. 
8.5128^ cubic feet of gas weigh 1 pound. 

1,000,000 cubic feet of gas weigh 58.7 tons. 

The amount of gas per day will be at the rate 1,408 tons. 
If you take into consideration that for furnace use the com- 
bustion of the gas will be much more complete than that of bi- 
tuminous coal, and the absolute heating effect is 25 per cent 
greater, when the combustion is complete in both cases, you can 
be sure that the above figures are, if anything, too low. 
Yours respectfully, 

0. WUTH 

Mr. "Wuth has corrected this letter for me as to the follow- 
ing points : A rough analysis indicated the presence of car- 
bonic acid, (say 0.50 per cent). The specific gravity 1.56 is a 
typographical error for 0.56, which agrees more nearly with 
Prof. Sadtler's determinations. The pressure of the gas was 
found to be 200 pounds per square inch, and on being actually 
passed 16 miles through a 2-inch pipe to Freeport the pressure 
was found to be stationary at 125 pounds. The natural infer- 
ence was therefore drawn that the gas could be conducted to 
Pittsburg through the larger pipe with substantially the same 
waste. The estimated quantity of gas results from a calcula- 
tion based on the fact that air under a pressure of 50 pounds 
per square inch would escape from the pipe at a velocity of 
1,700 feet per second, and supposing gas to act similarly, the 
result would not be less than 1,000,000 cubic feet per hour. 

Prof. Sadtler furnishes me the following additional details of 
his analyses: The specific gravity of four natural gases was de- 
termined experimentally, one of which was out of the Burns 
well, and had a specific gravity of 0.615. This gas contained 
6.10 per cent of free hydrogen, and only 0.34 per cent of car- 
bonic acid gas. 

The gases from wells ending in different geological horizons 
have a wide range as regards their specific gravity and compo- 
sition. The natural gas obtained at Erie has a specific gravity 
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of 0.805, being the heaviest on record. This gas contains over- 
.2 per cent of carbonic acid gas, and only 0.31 per cent of free 
hydrogen, the rehminder being chiefly marsh gas and other hy- 
dro-carbons. On the other hand, a determination of the speci-, 
fie gravity of the natural gas from Sheffield, Warren county, 
Pa., gives the astonishing result oi 0.45, and is the lightest 
gas yet examined. Though not yet analysed, it must contain 
a large amount of free hydrogen. We have then a range from 
0.45 to 0.80 in specific gravity. 

It is thought that natural gas from the wells must be heavier 
than air for the reason that it will expel air from a pit sunk 
round the casing of a well and can be seen flowing downward 
over the sides of oil tanks out of which it has displaced the 
air. It will also fill a pump log, and can be poured out of the 
bore like carbonic acid gas. The permanent gases, however, are 
not heavier than air. When they issue from the well they are 
charged with the vapor of higher hydro-carbons which, when 
pure, are liquids or solids. Prof. Sadtler tells me he found, in 
a qualitative examination, ethyl-hydride, C2 Hj, and propyl-hy- 
dride, C3 Hg. These higher hydro-carbons condense or, as 
the case may be, separate in small quantities from the gas out of 
a state of mechanical admixture, and the permanent gas remains 
lighter than air. I found at Erie that it was heavier than coal 
gas, for no mixture of the two could be obtained at the city- 
gas works, the natural gas sinking to the bottom of the holder. 

As a confirmation of this view, it maybe stated that during 
a visit to many of our gas wells, for the purpose of collecting 
samples. Prof Sadtler observed that a white solid, of buttery 
consistency, was deposited by natural gas in the absence of oil. 
" At Sheffield there is a large gas Veil where the gas is not ac- 
companied by appreciable quantities of oil. The piping at 
the mouth of the well is therefore dry and free from any 
oil. Yet on this dry tubing, for a yard to either side of a 
joint at which a leakage of gas occurs, a deposit is formed of a 
white solid, which the oil men call paraffine. I saw the same 
thing at the Wilcox gas well, in M'Kean county, where I col- 
lected a jar of it for examination." The oil men say this de- 
posit IS invariably seen in flowing wells, and they therefore re- 
gard its presence as a good omen. 
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The most obvious use of the gas so lavishly going to waste 
is to light the derrick and raise steam for the pumping engine 
at the well. Almost everywhere the neighborhood of the wells 
is lighted at night by a small jet, and on a larger scale the Fair- 
view well supplies four fwns with gas, viz : Fairview, Petro- 
lia, Argyle and Karns City. It is burnt in the streets aftera gen- 
erous fashion in large flariug torches, like beacon fires or me- 
dieval cressets. A boiler, described as " 20-horse power," was 
connected with the casing of the Fairview well to separate the 
gas from the water issuing with it. From the boiler a 3J inch 
pipe was laid for seven miles to the four towns above men- 
tioned, and connections were furnished in 1873 to 40 pumping 
and drilling wells, 8 pump stations on pipe lines, 200 gas burn- 
ers and 40 cooking stoves. The supply of gas exceeded this 
consumption, the excess escaping at considerable pressure from 
a safety valve on the boiler. This well still retains a large por- 
tion of its force, while the Newton gas well, near Titusville, 
struck in 1872, has ceased to emit gas much above atmospheric 
pressure, though during its first year it was estimated to yield 
4,000,000 cubic feet per day at a pressure of about 350 pounds 
per square inch. The enormous pressure forced the gas readily 
through pipes of small size, not over 3J inches inches in diame- 
ter at Fairview, nor over 2 inches at Titusville. 

In the East Sandy district an extraordinary gas well was 
struck in 1869. After burning for about a year, it was extin- 
guished and the gas was used, instead of steam, in the cylinders 
of the drilling engines ; about 60 wells were thus sunk. The 
first twelve wells caused little change in the pressure, but when 
the fortieth was reached, a serious inroad had been made, and 
when the whole number had been sunk, the pressure, at first es- 
timated at over 90 pounds to the square inch, when fully in 
use, fell below an available amount. At M'Keesport a well 
1,700 feet deep "struck gas" with a pressure roughly estimated 
at 500 pounds to the square inch. Probably as powerful as any 
of these are the Delamater well and the Burns well, also in 
Butler county, not far north of Butler. The combustibility and 
high calorific value of the gas fromany part of the district at 
once suggested the value of a fuel so cheap and so readily trans- 
portable. 

12— L. 
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The first application of the gas to Iron-making, which has 
hitherto constituted its most important use, was made by 
Messrs. Rogers & Birchfield, in the puddling furnaces of their 
works at Leechburg, in Armstrong county. Unfortunately, 
they went soon after into bankruptcy, and the opportunity for 
a full series of experiments was thus lost. But Mr. J. D. Weeks, 
of Pittsburg, with the view of ascertaining the qualities of 
the iron made with gas, took samples of charges boiled with 
gas and coal, and forwarded them for analysis to Mr. A. S. 
M'Creath, of the Survey, with the result detailed below at the 
proper place. 

The well used by Messrs. Rogers & Birchfield was one 3 
inches in diameter, sunk for oil in 1871 on the left bank of 
the Kiskiminetas, to a depth of 1,2.50 feet. No oil being-found 
the abandoned well was bought by Messrs. Rogers & Birch- 
field, and the gas, which was abundant at a pressure of 70 
pounds to the square inch, was conveyed across the creek 
to their works, by a pipe bridge carrying a S-inch pipe, with 
which all their fires were connected. A freshet having carried 
this pipe away, one 3 inches in diameter was substituted, 
and proved fully large enough for the purpose. The mill is 
named the Siberian Mill, and was built in 1872, with 6 single 
puddling furnaces, 6 heating furnaces, () trains of rolls, 2 steam 
hammers, 1 refinery and 2 "knobbling fij-es," which are sub- 
stantially finery forges. The product consisted of tin plate, 
sheet iron and charcoal terne plate, and the average annual make 
was about 2,800 tons; all this work, including puddling, heat- 
ing and raising steam, was done by gas brought through the 
3-inch pipe above mentioned. 

When the gas was applied no special alterations were made in 
the furnaces as to dimensions, but the space above the grate, 
between the fire bridge and the end of the furnace, was con- 
verted into a gas chamber, into which the gas was admitted by 
jets pierced in a half inch pipe led across the end of the grate 
each way from a half inch T at the centre, on a pipe of the 
same size, through which the furnace was supplied. The grate 
was covered with fine broken bricks but not so closely as to 
exclude air, some of which passed up and mixed with the gas. 
The fire bridge was built up to the roof, openings being made 
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for f he passage of the gas into the hody of the furnace by leaving 
out a brick here and there. Full combustion was effected by a 
blast of air at about 2 pounds pressure entering through the roof 
by two 1^-inch nozzles in front of the fire bridge and directed 
toward the center of the hearth. The heat produced by this 
arrangement is very intense, while the blast of air directed on 
the metal facilitated the boiling. The operation was more 
readily regulated than with coal, both the heat and the charac- 
ter of the flame being fully under control, so that the iron could 
be melted hot, chilled quickly to promote the commencement 
of boiling, and the heat could be raised to free the balls well 
from cinder without fear of injury. Extravagant statements 
were at first made as to the greater yield of iron with less con- 
sumption of ore for fettling, 800 pounds of ore fix being said to 
be required for two turns at a single coal furnace, while 500 
pounds were said to last five single gas furnaces an entire 
week. Ten heats were made in 15 hours by the two turns at 
one furnace, and with charges of 460 pounds of Lucy pig iron, 
and 50 to 80 pounds of roll or hammer scale, a yield of 480 to 
490 pounds was said to be obtained from each charge. But the 
100 pounds of ore fix weekly used would furnish, say 60 pounds 
of iron, and the 3,575 pounds of scale (55 charges, at 65 pounds 
each,) would furnish 787 pounds, estimated at 72 per cent go- 
ing into and 50 per cent on leaving the furnace as tap cinder ; 
the gain was stated at 1,375 pounds (55 charges, at 25 pounds,) 
thatis 528 pounds (1,375 — 847=528) more metal than could pos- 
sibly have been procured from the materials. The process, 
however, needed no such external bolstering, for the use of gas 
then shortened the charges and certainly worked them hotter, 
thus making the iron more homogeneous and often softer. The 
saving in fuel amounted to about 60 tons of coal per day and a 
cheaper grade of iron could be used. The failure of the owners 
had thus no connection with the use of natural gas as fuel ; on 
the contrary, the new fuel proved so efficient that arrangements 
were made to bring the gas of the Ladnorsville well into 
Sharpsburg and Allegheny. This work has been completed 
with great success, as will be seen below. 
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Mr. "Weeks recorded the charges of four heats, numbered 1 
to 4, as follows : 



Number of Heat. 


No. 1. 


TSTo. 2. 


No. 3. 


No. 4. 


Isabella erav forse oier.. . . 


312 

160 


294 

184 


265 
201 


241 


Old car wheels, &c 


230 








472 
275 


478 
302 


466 
260 


471 


Scale from rolls, &c 


260 






Total charged 


747 

553 

bl 

17 


780 

556 

78 

16 


726 

540 

74 

15 


731 




572 




101 


Percentage of gain 


21 



Having obtained these results from the use of gas, Mr. 
Weeks desired to become acquainted with the chemical proper- 
ties of the metal used and of the products obtained from gas 
as well as from coal. He sent Mr. M'Greath samples of the 
pig iron used, of the scrap used and of the tap cinder and muck 
bar obtained from two charges, of which one was boiled with 
gas, which we denominate A, the other with coal, which we 
denominate B. 



Pig Iron and Scrap Used. 



Carbon, graphitic. 
Carbon, combined., 

Silicium 

Sulphur 

Phosphorus 

Manganese 



sabella pig iron. 


Scrap iron, &c 


3.860 


2.890 


0.341 


1.135 


3.008 


0.766 


0.050 


0.098 


0.592 


0.353 


0.511 


0.209 


91.638 


94.549 



Iron, <fec 91.638 

100.000 100.000 

The pig was an " open mill iron" in grade, while the scrap 
consisted of car scrap, wheel scrap and other cast iron scrap 
mixed together. The same mixture of pig and scrap was used 
in both charges. 

Tap Cinder from Respective Charges 

Charge A. Charge B. 

Silica 24.640 21.040 

Protoxide ol iron 57.471 62.100 

Sesquioxide of iron 5.857 6.143 

iiklumina 0.942 2.608 

i'rotoxide of manganese 2.072 1.662 

Lime 2,363 1.786 

Magnesu 0.367 0,230 
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Cbarge A. Charge B. 

Phosphoric acid 3.685 3.609 

Sulphur .289 .249 

Alkalies and loss 2.314 0.573 

100.000 100.000 

Or, 

Iron 48 800 52 .600 

Sulphur 0.289 0.249 

Phosphorus 1.609 1.576 

Muck-bar made from Respective Charges. 

Charge A. Charge B. 

Carbon, graphite 0.004 0.005 

Carbon, combined .102 .126 

Silicium .289 .212 

Sulphur Oil .008 

Phosphorus .312 .136 

Manganese .051 .072 

Iron, &c 99.231 99.441 

100.000 100.000 

The hammer scale used was not sent, but would not have 
. hanged the result of the analyses, as it would have had the 
same influence in both cases. The actual result shows that while 
the muck-bars are substantially the same as respects other ele- 
ments, the composition of the gas iron as to phosphorus is 
greatly inferior to that of the coal iron, as it contains nearly 2J 
times more phosphorus than the latter. 

The experiments were not conclusive, since the product an- 
alysed — muck bar — was one which itself did not admit of me- 
chanical test in the smithery, and being afterwards re-worked 
into sheet metal, was in a very disadvantageous form for ex- 
periment. And further, the irregular composition of scrap 
iron is such that the chemical results had little value. 

These tests indicated a fact novel to those who were using the 
irons made with gas and coal, for they consider the former su- 
perior to the latter, as it is certainly more homogeneous. Con- 
siderable doubt was expressed on the subject. The iron made 
with gas was desirable for many purposes where ordinary iron 
would not answer, and seemed more ductile and homogeneous 
than charcoal metal boiled with coal. 

It was important, therefore, that the point should be defi- 
nitely settled, and the following work was undertaken with the 
view of making a series of exact experiments, and of describ- 
ing the practical use of the natural gas as a fuel in iron making. 
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The location of the well of the Natural G-as Company has been 
specified above. Its early history is narrated by Mr. J. Gum- 
ming, U. S. Signal Service observer at Tarentum. "On the 
night of the 2d of February, 1875, myself, in company with 
several others, paid a visit to the great gas well, situated about 
nine miles from Tarentum and fifteen miles south of Butler, at 
a place called Larden's Mills on the farm of Mr. William 
Herney. The well was tapped about ten weeks ago, as I 
learned from one of the proprietors in their search after oil. 
They had gone down a distance of 1,145 feet, and had just 
struck the "first sand rock." The well is located in a hol- 
low, about 300 feet wide, between abrupt hills. The gas is 
conveyed from the well to the distance of about 150 feet by a 
6-inch metal pipe, and discharges itself at the end of the pipe 
with the percussive force of steam." 

" Our party came into the vicinity of the well about 9 o'clock 
at night, having seen the vast light floating in the sky, on many 
a dark night, on previous occasions, thirteen miles distant ; but 
when we came in its immediate influence, and saw the trees on 
either hand lit up and thin trunks and branches silvered to their 
tops by this burning torch, the scene was beyond description. 
On arriving at the ground we met hundreds of people from all 
parts of the country, who like ourselves, flock nightly to see 
this great wonder. The first thing to strike the visitor on ar- 
riving is the great mass of fine, white flame, of intense heat 
and brightness, the hollow noise resembling thunder heard as 
the outrushing gas plunges into the atmosphere and lights all 
around by its imposing brilliancy. The sound of its roaring 
can be distinctly heard at a distance of four miles." 

" The flame of this natural torch is about 40 feet long and 
fifteen feet wide, and keep.8 at these dimensions night and day 
with striking regularity. Hence, the light is both regular and 
constant. The heat emitted by so large a body of flame is very 
great. The trees all around, at proportional distance, are bud- 
ding, and the grass that has not been trodden down by the 
throng of visitors is growing finely ; and considering this is 
mid-winter, this circumstance will give some idea of the great 
heat, i approached within 60 feet of the flame, and supposed 
it to be at that distance about 140°. The light is grand. 
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You can see to read with ease a quarter of a mile from this 
enormous gas jet, and if uninterrupted by trees and the wind 
of the road, reading could be done at the distance of a mile and 
a-half." 

The well is bored in the bottom of the valley of Bull creek, 
here an abrupt ravine between hills. 150 feet high. It is 7 
inches in diameter, tubed with a 5| inch casing. A coal bed, 
probably the Upper Freeport bed, crops out 20 feet above the 
stream. The presence of gas is thus far rather local since a sec- 
ond well 10 inches in diameter sunk about a-half a mile from 
that of the iJTaturalGas Company, is nearly 2,000 feet deep, but 
as yet, has developed nothing. (Vide, note at end ot appendix.) 

The arrangements at the well are as follows : a boiler 4 feet 
in diameter and 17 feet long is connected with the 6 inch pipe 
from the well, and has an exit in the 6-inch pipe of the conduit 
line, both pipes being fitted to the top of the boiler. In the 
boiler the greater part of the water is separated from the gas, 
and is drawn off twice a day ; the gas of course has free exit. 
The ordinary pressure in the boiler is 110 to 119 pounds per 
square inch, when the gas is in use ; the safety valve is loaded 
to 140 pounds, but is lifted only when the gas is shut off at the 
mills. So far as is known the pressure has been regular and 
the supply unchanged since the boiler was put in ; the well, 
however, has never been completely closed so as to obtain the 
total pressure. The boiler is enclosed in a house, and the 
premises are fenced in and are in charge of watchmen con- 
stantly on duty. 

The pipe line was laid with the intention of taking the short- 
est and most direct line to the works at Sharpsburg and Alle- 
gheny, without reference to grade. The line follows a general 
south-west course, but undergoes frequent bends on account of 
the formation of the ground and makes many short crooks to 
avoid obstacles like large trees. Manj- of its windings are due 
to the hostility of the farmers, who, fearing conflagrations, re- 
fused the right of way, and compelled the location of the line 
along the township roads. The line leaves the hollow of Bull's 
creek within a few hundred feet of the well, and crosses four 
main summits on its way to the head waters of Pine creek. 
Thence it passes down the valley of Pine creek to Sharpsburg, 
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crossing a fifth and very abrupt ridge 182 feet high above the 
creek, at the distance of half a mile from the works of Messrs. 
Spang, Chalfant & Co. The district traversed would be properly 
termed a rolling country, the ridges, with the exception of the 
fifth, not being very sharply defined. From Messrs. Spang, 
Chalfant & Co.'s mill, at.Sharpsburg, the line to the works oi 
Messrs. Graii", Bennett & Co., at Allegheny, follows the turn- 
pike on a slightly descending grade along the north or right 
bank of the Allegheny river. 

The pipe used was 6 inches in diameter, of iron ^-inch 
thick. It was laid in a ditch 2 to 3 feet deep covered with 
earth, and at the crossings of streams it was laid exposed on the 
bottom of the stream. It was put together in convenient sec- 
tions on the surface and afterwards lowered into the ditch. 
The lengths were joined by ordinary screw threaded sockets, 
the pipes being screwed in till their ends butted against each 
other. "Where bends were necessary, the pipe was sometimes 
heated, but often bent cold. 

The Map and Profile of the Pipe Line of the ITatural Gas 
Company (Limited) herewith presented gives full details of the 
engineering features of the line. Starting at the well, at Lad- 
norville, the map shows the various needle courses which the 
pipe line follows to the mills. Every fifth station is marked 
on the Map in figures. The Profile starting at the same place 
gives a profile of the line drawn on with the vertical and hori- 
zontal scales equal — that is the profile is the natural one. 
The levels start from a datum point 734 feet above tide, at 
Bennett's Mills Station, on the Western Pennslvania Eailroad. 
In the Profile every fifth station is numbered in figures, and 
the stations at which the pressure of gas in the pipe were ta- 
ken also correspond with the letters used in the table given be- 
low. The mill of Messrs. Spang, Chalfant & Co. is taken as the 
first station, and is marked "0," the rest A, B, C, &c. 

The supervision of the line is committed to a Superintend- 
ent, in charge of the whole work, and three men who patrol 
the line, on the lookout for leaks or accidents. When a leak is 
discovered by the smell or movement of the earth, the repairer 
closes it by means of sheet rubber pressed against the hole by a 
olamp ring bolted around the pipe. No malicious obstructions 
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have occurred since the pipe was laid, but during the laying 
three or four pump logs were surreptitiously inserted and boys 
threw stones into the pipe at Allegheny, which were blown out 
at the end, but the pump logs obstructed the pressure for some 
time very materially. They were finally discovered by the fail- 
ure to pass through the pipe an India rubber ball introduced at 
the well. The pipe was then tapped till the obstructions were 
discovered. They were removed about six months after the 
opening of the line. 

On the completion of the line the gas burned at Sharpsburg 
20 minutes after it was let on at the well. With a length of 
17 miles the cubic capacity of the pipe is 17, 5 92 feet, so that the 
supply of gas at Sharpsburg amounted, before the pipe was 
really open, to more than 53,000 cubic feet per hour. This sup- 
ply would meet the requirements of Messrs. Spang, Chalfant & 
Co.'s works, where the connections were equal in area to 75 
half- inch pipe, and 10 furnaces are run wholly on gas, viz : 7 
puddling, 3 heating ; in all there are 45 connections to the gas, 
including 24 puddling furnaces, 12 heating furnaces and 3 bat- 
teries of 3 boilers each. Messrs. Grafl:", Bennett & C!o. run 25 
furnaces on gas, only one — a puddling furnace — wholly on gas 
so far as I am informed. But the pressure at these last works 
is less by 5 pounds than it is at Sharpsburg, and when used 
there the pressure fell to 2 pounds above the atmosphere, hence 
the other works got none. The safety valve at Sharpsburg is 
set at 15 pounds, and is never lifted when the gas is in use, nor 
is the one at the well, but when the gas is shut at the mill the 
pressure would rise to 80 pounds in a quarter of a,n hour if the 
safety valve was held down. 

In order to increase the supply an attempt was made to suck 
the gas out, and thereby lessen the supposed friction in the 
pipe. A Cameron blowing engine was fitted to work as an ex- 
hauster, having a 40-inch gas and 18-inch steam cylinder, and 
48-inch stroke ; at 28 double strokes per minute this was esti- 
mated, without allowances, to give 112,000 cubic feet per hour, 
or probably 80,000 cubic feet after proper deductions. But the 
attempt was not successful, and after the removal of the ob- 
structions an ample quantity was delivered by the natural pres- 
sure. Before the discovery of the obstructions it was thought 
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that a possible cooling of the gas might reduce its volume, and 
on observing the temperature in winter it was found to be 48° at 
the well and only 40° at the works, although the pipe crossed 
streams 20 times and lay above frost line in the ground. 

Pressures Observed near Sharpsburg. 



DISTANCE TOWABD WELL FROM SHAEPSBURQ 
WORKS. 



PRESSURE. 



et- 

Is 

o o 

a < 



> 

C^ CD 

s £ 
° 3 



COS 



Spang, Chalfant & Co 

Thence to A 1, 938 

Thence to B 4, 026 

Thence to C 4,531 

Thence to D 4, 812 

Thence to E 5, 182 

Thence to F 9, 736 

Thence to G 12, 316 



Fouuds. 
2 

7 

111 
]2i 
13 

13^ 
20J 
24 



Pounds. 



Feet. 


+ 182 
4- 62 
4- 31 
+ 43 
+ 48 
+ 48 
+ ^ 



Thence to well 89,820 119 

Distance causing Loss of 1 pound, estimated from above observa- 
tions. 



From Sharpsburg to A . . . 
From Sharpsburg to B... 
From Sharpsburg to C... 
From Sharpsburg to D . . . 
From Sharpsbuirg to E . . . 
From Sharpsburg to P. . . 
From Sharpsburg to G. . 
From Sharpsburg to well 
From Station G to well . . 



Before 
removal of 
obstructions, 



Alter 
removal ol 
obstructions. 
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Distance causing Loss of 1 pound, estimated from above observa- 
tions. 



STATION. 


Before 
removal of 
obstructions. 


After 
removal of 
obstructions. 




Feet. 

431 
4H4 
673 
37.i 
740 
628 


Feet. 






Between B and 




Between C and D 




Between D and E 




Between E and F 
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Datum, being assumed that G-raff, Bennet & Co.'s mill is 728 
feet above tide. 



station. 


Dist. 


Course. 


Eleva- 
tion. 


Remarks. 









710 
720 


at Spang, Chalfant & Co.'s mill. 
Elevation of Station 1. 


to 1 


""280' 


'N.'isp w!!!! 


1 to 2 


272 


N. 29" W 


730 


Elevation of Station 2. 


2 to 3 


290 


N. 271° W . . . . 


759 


(Etcetera.) 


3 to 4 


286 


N. 330 w 


825 




4 to 5 


320 


N. 40 35' E. . . . 


882 


to 5 Dove-colored sandstone tliin 


5 to 6 


280 


N. Mif^B 

N. 17O10'E... 


889 


bedded. 


6 to 7 


210 


892 


7 gauge cook. 


7 to 8 


150 


N. I50E 


869 




8 to 9 


375 


N. 110 B ." 


859 




9 to 10 


600 


N. 11° E 


862 




10 to 11 


130 


N. 2610E 


855 




11 to 12 


525 


N. 18U25' E.. 


784 




12 to 13 


143 


N. 48iOE 


787 




13 to 14 


165 


N. 531-1 E 


772 


14 grayish-blue sandstone. 


14 to 15 


176 


N. 41° 10' E. . . 


758 




15 to 16 


180 


N. 240 E 


739 


16 gauge cook. 


16 to 17 


149 


N. 210E 


744 


17 gauge cock. 


17 to 18 


281 


N. 170 E 


753 




18 to 19 


420 


N. 31»o w.... 


763 


19 gauge cook. 


19 to 20 


125 


N.33 W 


753 




20 to 21 


202 


N. 3iOE 


751 




21 to 22 


370 


N. 220E 


750 




22 to 23 


270 


N. 250E 


741 




23 to 24 


200 


N. 170E 


737 




24 to 25 


162 


N. 3510E 

N. 490 E 


730 




25 to 20 


370 


728 




26 to 27 


1,100 


N. 5UOE 


746 




27 to 28 


400 


N.50E 


746 




28 to 29 


145 


N, liOB 


754 




29 to 30 


400 


N. 48° E 


753 


30 S. 58° W. 230' to old coal open- 
ing on turnpike. 


30 to 31 


660 


N. 490 20' E . . 


768 


31 to 32 


500 


N. 72° E 


764 




32 to 33 


1,120 


N.72iOE 


781 


33 at elevation of 15' above station, 


33 to 34 


440 


N.7210K 


786 


bluish-gray shaly SS. 25' thick : 


34 to 35 


400 


N. 6310 E 

N. 32Q E 


796 


on top light gray massive SS. 


35 to 36 


220 


794 


36 gauge cock. 


36 to 37 


260 


N. 320 E 


810 




37 to 38 


182 


N.4UOB 


804 




38 to 39 


208 


N. 76-^ E 


810 


39 same SS. as at 33. 


39 to 40 


450 


N. 63P E 


810 




40 to 41 


325 


N. 40^40 E... 


820 




41 to 42 


132 


N. 90 E 


825 




42 to 43 


N. 48O40' E... 


834 




43 to 44 


385 


N. 340 E 


834 




44 to 45 


355 


N. 280 25' E. . . 


840 




45 to 46 


310 


N. 20W 


842 




46 to 47 


660 


N. 28iO E 


865 


47 Geo. Shafler. 


47 to 48 


860 


N. 20^ 50' E. . . 


864 




48 to 49 


600 


N. 150 E 


878 




49 to 50 


310 


N. 2045' E.... 


898 




50 to 51 


427 


N. 11° 20' E... 


924 




51 to 52 


290 


N. lojo W..,. 


935 




52 to 53 


275 


N. lOiOE 


952 




53 to 54 


228 


N. 8O50'E.... 


947 




54 to 55 


200 


N. 19° 50' E... 


955 




55 to 56 


295 


ISr. 15° E 


941 




56 to 57 


150 


N. :-i3io W . . . . 


953 




57 to 58 


195 


N. 310E 


953 
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station. 



58 to 59 
£9 to 60 

60 to 61 

61 to 62 

62 to 63 

63 to 64 

64 to 65 

65 to e 

66 to 67 

67 to 68 

68 to 69 

69 to 70 

70 to 71 

71 to 72 

72 to 73 

73 to 74 

74 to 75 

75 to 76 

76 to 77 

77 to 78 

78 to 79 

79 to 80 

80 to 81 

81 to 82 

82 to 83 

83 to 84 

84 to 85 

85 to 86 

86 to 87 

87 to 88 

88 to 89 

89 to 90 

90 to 91 

91 to 92 

92 to 93 

93 to 94 

94 to 95 

95 to 96 

96 to 97 

97 to 98 

98 to 99 

99 to 100 

100 to 101 

101 to 102 

102 to 103 

103 to 101 

104 to 105 

105 to 106 
10Btol07 

107 to 108 

108 to 109 

109 to 110 

110 to 111 

111 to 112 

112 to 113 

113 to 114 

114 to 115 

115 to 116 

116 to 117 

117 to 118 

118 to 119 

119 to 120 

120 to 121 



Course. 



140 
690 
325 
340 
182 
590 
1,000 
400 
200 
175 
340 
251 
173 
641 
350 
620 
760 
295 
710 
640 
230 
560 
155 
440 
420 
280 
-660 
265 
425 
780 
185 
730 
475 
460 
485 
430 
388 
510 
322 
750 
4.32 
670 
251 
170 
460 
250 
395 
565 
612 
365 
195 
700 
670 
310 
300 
385 
300 
192 
705 
880 
1,270 
8rt5 
405 



E. 

E. 



E... 



N. 17° E 
N. 30JO E 
N. 30" 25' 
N.54° 50' 
N. 370E.... 
N. 24° B . . . . 
N. 29JO E... 
N. 47iOE... 
N. 66"E.... 
N. 51° E.... 
N. 370 20 E. 
JSI.3.0 E.... 
N. 2610E... 
N. 30'-'E.... 
N. 32iOE... 
N. 340 E.... 
N. 34tOB... 
N. 29'-> E.... 
N. 1^0 B,... 
N. 3110B... 
N. 23I0E... 
N. 280E.... 
N. 440 10' 
N. 41JO E 
N. 50^0 E 
N. 64iO B 
N. 86" E. 
N. 781° E 
N. 520E. 
N. 490 50 
N. 32° 50 
N. 24'0 B 
N. 391J E.... 
N. 340E.... 
N. 39OE.... 
N. 540 20' E. 
N. 590 E.... 
N. 490 50 
N. 5810E, 
N. 31° 40 
N. 38° 25' 
N. 32iO E 
N.40E.. 
N. 40E.. 
N. 270 E . 
N. 5210 E 

67° E. 

66° E. 

4710 E 

78° E. 

390 E. 



Eleva. 
tlon. 



E. 
B. 



E. 



E.. 
E.. 



N. 8° E . 
N. JOE... 
N. 70E... 
N. 6^0E.. 
N. lOiOB. 
N. 401OE. 
N. 220 B . . 
N. 14° 30 : 
N. 230E.. 
N. 26iOE. 
N. 3710E. 
N. 58|^ E. 



Remarks. 



958 
960 
948 
930 
917 
931 
946 
944 
954 
951 
971 
959 
992 
999 
1,004 
1,013 
1,018 
1,038 
1,039 
1,144 
1,147 
1,065 
1,080 
1,078 
1,065 
1,040 
1,024 
1,030 
1,040 
1,006 
1,002 
1,024 
1,009 
1,031 
1,012 
1,027 
1,051 
1,017 
1,039 
998 
1,027 
972 
972 
952 
919 
895 
839 
816 
841 
875 
885 
939 
973 
969 
964 
942 
968 
962 
900 
892 
915 
903 
917 



Elevation of station 59. 



67 Myer's coal mine, Ij' tliioli. 

68 creek. 

70 creek. 
73-1-200' creek. 

77 & 78 olive colored shales. 



81-1-145' valve in pipe . 
82 road. 



89 creek. 

[Run School House. 1 
91-1-150', and 140' east of line, Blue 



93-1-100' small run. 



[turns in woods.] 
102 to 103, line has small sharp 



106 Deer creek. 

107 Brown shales. 



Elevation of station 121. 
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Station. 


Dist. 


Course. 


Eleva- 
tion. 


Remarks. 


121 to 122 


805 


N.430B 


951 


Elevation of station, 123. 


122 to 123 


495 


N. 33jO E 


958 




123 to 124 


330 


North 


947 




124 to 125 


225 


N. 1810E 

N.810E 


966 




125 to 126 


335 


1,021 




126 to 127 


840 


N. 270B 


1,117 




127 to 128 


520 


N. 24° E 


1,089 




128 to 129 


600 


N. IIOE 


1,104 




129 to 130 


1,660 


N. 40E 


1,118 




130 to 131 


50 


N. 11|° W.... 


1,115 




131toi:52 


770 


N. 2° W 


1,036 




132 to 133 


135 


N. 190E 


1,015 




133 to 134 


280 


N. 451 E 


1,031 




134 to 135 


330 


N. 461° E 

N. I8OE 


1,065 




135 to 136 


168 


1.074 




136 to 137 


330 


N. 620E 


1,065 




137 to 138 


141 


N.6I0 E 


1,028 




138 to 139 


118 


N. 470E 


1,033 




139 to 110 


565 


N. 30OE 


997 




140 to 141 


390 


1^. 14<3E 


996 




141 to 142 


432 


N. 1910 E 

N. 270 E 


906 




142 to 143 


290 


938 




143 to 144 


610 


N.20OE 


J51 




144 to 145 


280 


N. 35OE 


977 




14{tol44(No.2) 


625 


N. 11° B 


999 




14ltol45(No.2) 


328 


N. 280E 


999 




145 to 146 


640 


N. 260B 


1,013 


145 Purple shales. 


146 to 147 


50 


N. 25iOE 


1,017 




147 to 148 


700 


N. 14iOE 


991 




148 to 149 


060 


N. 10^ 40' E. . . 


939 




149 to 150 


440 


N. 12° 30 E. . . 


958 




150 to 151 


428 


N. I8O E 


997 




151t0i52 


310 


N.40 E 


1,010 




152 to 153 


122 


N. 5PE 


1,019 




153 to 154 


240 


N. 12iOE 

N. I8OE 


1,023 




154 to 155 


840 


1,069 




155 10 156 


1,070 


N. 181° E 


954 




156tol57(No.l) 


175 


N. ISJE 


982 


157 Valve in pipe line. 


]57tol58(No.l) 


200 


N. 32JOE 

N. 45OE 


986 




158tol57(No.2) 


241 


992 




157 to lo8(No.2) 


265 


N. 170 E 


1,015 




158 to 159 


370 


N. 11° W 

N. 2° W 


1,037 




159 to 160 


855 


1,083 




100 to 161 


480 


N. 10 W 


1,111 




161 to 162 


1,540 


N.2PE 


1,111 




162 to 163 


410 


N. m°E 

N.57OB 


1,121 




163 to 164 


390 


1,129 




164 to 165 


385 


N. 53OE 


1,137 




165 to 166 


545 


N. 59JOE 


1,130 




166 to 167 


220 


N. 62|OE 


1,107 




167 to 168 


300 


N. 63^E 


1,015 




168 to 169 


38J 


N. 351OE 

N. 27OE 


988 




169 to 170 


540 


926 




170tol71 


345 


N.670E 


962 




171 to 172 


700 


N. 6810E 

N. 695e 


1,025 




172 to 173 


550 


1,031 




173 to 174 


280 


N. 630E 


977 




174 to 175 


260 


N.50^OE 


1,012 




175 to 176 


470 


N. 404OE 

N. I8OE 


1,070 




176tol77 


130 


1,069 




177 to 178 


1,080 


N. 32|OE 


898 


178 Coal mine. 


178 to 179 


835 


N. 38JE 


830 




179 to 180 


1,165 


N. 273E 


826 
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Station. Dist 



Course. 



Eleva- 
tion. 



Remarks. 



320 
290 
452 
470 
470 
513 
490 
251 
260 
232 
320 
454 
510 
420 
732 
575 
332 
310 
500 
550 
7B0 
230 
30 



N. 16° E.... 
N. 29° E.... 
N. 18° E.... 
N. 48° E.... 
N. 320 E ... 
N. 28° E.... 
N. 30JO E . . . 
N. 3310 E... 
N. 270E.... 
N. 27° E . . . 
N. 32° 20' E. 
N. 37OE.... 
N. 40|OE... 
N. 18iEO... 
N. 17iO E..., 

N. 90 E 

N. lOE. ... 
N. 470 E . . . , 

N. 260E 

N. 320E 

N. 301° R..., 
N. 28io E..., 

S.1910E 

S. 20E 

S. 10 W 

S.410 w 

s. 50 W 

s. 130 w 

s. 4510 w.... 

S. 410 W 

S. 4UO W.... 

s. 540 W 

S. 5310 W.... 
S. 40JO W. . . . 

S. 350 W 

S. 50|O W.... 

s. euiJ w.... 

S. 5UO w.... 

s. 430 w 

S. 570 50' W . 

S. 56° W 

s. 530 W 

s. 490 w 

S. 40to W.... 
S. 36° W 

s. 3210 W. . . . 

S. 381° W.... 

s. 4910 W.... 

S. 421° W.... 

s. 450 W 

8. 450 W 



836 

846 

858 

898 

924 

942 

998 

1,091 

1,120 

1,094 

1,143 

1,141 

1,148 

1,125 

1,081 

991 

1,009 

1,094 

1,100 

1,098 

1,023 

928 

713 

7l4 

720 

722 

736 

733 

741 

726 

735 

752 

759 

746 

751 

754 

740 

737 

740 

740 

749 

741 

740 

735 

750 

736 

743 

739 

745 

733 

728 



Elevation of Stat. 182. 
Elevation of Station 183L. 



186. 5' below coal bench. 



[the elevation being 928' f 
202 is at gas well* at Ladnorsville, 
Elevation of Station 203. 



218. Belvidere Hotel, Allegheny. 



At Graff, Bennett <fe Co.'s mill. 



♦Survey then returned to the starting point and was completed in the op- 
posite direction, viz., S. E. to Graff, Bennett & Go's Mill. 

t Above 202, with its elevation above tide of 928', and 20' higher, i. e., 948< 
above tide, is an opening on a 3' coal bed, with sandstone roof, slate floor and 
underlying flro-r.iav and limestone : probably Upper Freeport (Joal. 
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The mill of Messrs. Spang, Chalfant & Co. is supplied by two 
4-incli pipes and a 6 -inch pipe, which are laid below the surface, 
the smaller conducting pipes rising to the furnaces. At the mill 
of Messrs Graff, Bennett & Co. the line ends in a boiler 40 
inches in diameter by 28 feet long. From this boiler a 6-inch 
pipe, hung to the sides of the building, makes the complete cir- 
cuit of the mill and is again connected with the boiler. The 
email supply pipes descend from the main pipe to the furnaces. 

At Sharpsburg the pressure is usually two pounds per square 
inch, and generally the same at Allegheny. A pressure of five 
pounds was found too great, as it was strong enough to force the 
flame out of the stack. Mr. "Williams stated that with 5 pounds 
pressure and a 6-inch pipe he could easily run 30 furnaces, and 
at Sharpsburg it is practically accomplished. 

The sketches on page plates 1 and 2, will illustrate the various 
modes of burning the gas which have been found economical. 
Figure 1 is the Graff, Bennett & Co. furnace ; Figure 2 is the 
furnace of Messrs Spang, Chalfant & Co., at whose mill two other 
exclusively gas furnaces are also in use, of which (Figure 3) one 
is a gas furnace designed :>\ Mr. Robertson, chemist of the Isa- 
bella Iron Company. 

I tried the efiect of the gas m an empty furnace. No. 22 of 
Messrs. Spang, Chalfant & Co., just after it had done its day's 
work and had been repaired by bricklayers. It is the Robert- 
son gas furnace, and the one in which were made the trials of 
gas burning recorded belnv. The mill was not running ; the 
pressure on the pipe was 18 pounds, and the J-inch valve opened 
wide with two full turns. The flame in the furnace, with the 
valve fully open, was dense, yellow and very smoky, becoming 
clearer and whiter as the valve was gradually shut, yet not blue 
till the supply was almost entirely cut ofl". 

Valve open If turns: Thick, smoky flame. 
" " IJ " Flame somewhat smoky. 

" " IJ " Flame quite white and clear, filling 

the furnace and apparently at its 
full power. 
" " f " Flame quite transparent; ample to 

work the furnace; would heat a 
cold furnace up to working point 
in I hour. 
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SKETCHES OF NATURAL GAS FURNACES. 



ROBERTSON FURNACE. 
Spang, Chalfani & Co. 




END VIEW. 
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SKETCHES OF NATURAL GAS FURNACES. 



GRAFF, BENNETT & CO.'S FURNACE. 



Part gas burnt over fire bricks. 



, 6"aas/i!fie. 




P Tiro Pipfft ahout 1 i nch diameter about ^ entire space from each Hdt. 



SPANG, CHALFANT & CO.'S FURNACE. 



'PwVgas;bnmlover coal. 




■X £i]ie/ exlendinif across entire grate' and idaret^ with muneroaa ludes. 
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Valve open J turns : A good flame, plenty hot enough to 

melt cinder, and would readily 
work the furnace when hot. 

In order to estimate the heat a 1^ inch square bar of wrought 
i ron was laid on the bottom of the furnace, which was some- 
\vhat heated from the previous experiments, and from the fact 
that the bricklayers had left the valve open | of a turn. With 
the valve open one turn the bar was brought to a full yellow in 
three minutes, and in four minutes in all to a full white weld- 
ing heat, at which it threw off sparks, and apparently it would 
soon have been melted if left in. 

I am indebted to Robert Young, Esq., the engineer and su- 
perintendent of the Allegheny gas works, for the following re- 
sults of tests made by him at the works of Messrs. Graff, Ben- 
nett & Co. on the use of natural gas and the amount of it re- 
quired. 

Mr. Young states that in the first test he made the iron (475 
pounds) was charged at 8.5 A. M., and was brought out at 9.53 
A. M., the time required being 1 hour and 48 minutes. The 
meter registered 2,700 cubic feet. The gas gave out, owing to 
its use elsewhere, and 110 pounds of coal were used in addition. 
The volatile matter of the coal would equal 550 cubic feet. The 
second charge was finished in 1 hour 49 minutes from the time 
of charging; 2,600 cubic feet of gas were measured, and 127 
pounds of coal additional were used. The coal would yield in 
this case about 635 cubic feet of gas. The charge weighed 472 
pounds. The third charge was boiled in 1 hour and 42 minutes, 
with a consumption of 2,700 cubic feet of gas, as registered, 
and 100 pounds of coal additional ; the coal yielded about 500 
cubic feet of gas. The charge was 474 pounds. The combus- 
tion of the gas appeared to be very complete throughout the 
tests. 

Other trials were afterwards made by different parties with 
the astounding result that 3,700 cubic feet of Natural Gas would 
puddle a ton of iron. Mr. Young tested the meter used, and 
found he could pass five cubic feet of gas through it in 40 
seconds without causing it to register at all. How much more 
might be passed could not be ascertained, as the meter would 
not register at all. 
13— L. 
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By Mr. Young's tests, calculating the coal gas as well, it took 
14,342 cubic feet of gas per ton of 2,000 pounds. It is not a 
little remarkable that a ton of iron requires about 35 bushels of 
Pittsburg coal according to common estimate for boiling, and 
this would yield about 13,300 cubic feet of gas, allowing noth- 
ing for the combustion of the coke. This seems a rather strik- 
ing coincidence, but probably an accidental one, due to a miscal- 
culation of the coal required. So far as I know I have reason 
to hold the statement about 30 per cent too high. Yet in view 
of the common estimate it would be very desirable to boil a 
charge with street gas, passed through the same meter. 

Mr. Young found determined the specific gravity of the gas 
used at 0.603, and its illuminating power at Qyws candles. 

With these explanations the subsequent tests will be intelli- 
gible. Their object was to compare the iron boiled by gas with 
that boiled by coal, as far as possible under similar conditions, 
and in respect to all their properties. The iron boiled was all 
Isabella gray forge pig of uniform grade, and borings were taken 
from each piece of every pig used in all the charges. Exact av- 
erage samples of all the materials used were taken in a similar 
manner. The trial charges were boiled as the fourth and fifth 
charges for that day in their respective furnaces. 

A single turn only being on at the time, no other hours could 
be controlled, and the fifth heat was finished before 12.30 P.M. 
The furnace, fi.red with coal only, was 'So. 21 of Messrs. Spang, 
Chalfant & Co.'s main mill, and was ordinarily fired with gas, 
over a small auxiliary coal fire, as shown in Figure 2 ; but for 
the purpose of trial the gas was shut off and the T piece of 
gas pipe taken out of the furnace. The coal used was lump coal 
of the Upper Preeport vein, and had the following composi- 
tion : 

Water at 225° .920 

Volatile matter 36 .800 

Fixed carbon 49.912 

Sulpliur 1 .672 

Ash 10 . 696 

100.000 

For the first trial heat in furnace No. 21, being the fourth in 
the furnace that day, the gas pipe was uncoupled and taken off 
The furnace was thus brought back to the ordinary condition 
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of a coal furnace, and was then fired during the trial with se- 
lected lump coal. The grey forge Isabella iron used had been 
cast in chills, and was a good No. 3. The total charges were as 
follows:, 70 lbs. best tap cinder; 475 its. Isabella iron in broken 
pigs; 120 lbs. of clean roll scale; 269 lbs. selected lump coal. 

TIME CONSUMED. PERIODS AND REMARKS. 

9h. 3m., A. M., charged best tap 
70 lbs. and 475 lbs., Isabella grey 
forge ; charging occupied 2 min- 
utes. 

9h. 24m., iron red, but not yet soft. 

9h. 34m., iron about one-half mel- 
ted ; puddler stirs ; 10 lb. scale 
thrown in. 

9h. 39m., iron about two-thirds 
melted, helper stirs, pigs covered 
by cinder bath. 
Iron Melted 39m. 9h. 42m., nearly all scale in, helper 

still stirring, and iron chilled by 
scale, and pasty ; coal thrown on 
fire. 

9h. 45m., bubbles begin to form, 
helper still stirs ; iron risen nearly 
to stopper hole. 

9h. 48m., iron fallen somewhat, 
helper still on ; fire stirred. 

9h. 50m., rest of scale thrown in; 
iron rises again. 

9h. 52m., iron rising well ; bath 
still rather liquid ; large bubbles 
formed. 

9h. 53m., cinder runs out of stop- 
per hole. 

9h. 54m., iron fully up to stopper 
hole ; cinder drips steadily ; pud- 
dler works. 
Begins to Boil 55m. 9h. 58m., boil begins ; fire fixed ; 

puddler still working. 
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lOh. Im., pasty points on surface 
of bath ; fire stirred ; puddler easy 
and iron falls a little. 
lOh. 4m., crust over nearly entire 

surface. 
] Oh. 11m., iron fully over stopper 
hole ; staff put on working plate ; 
ebulition lively with jets. 
Iron Granulates, lA. 9m. lOh. 12m., iron begins to granulate 

or " drop." 
lOh. 13m., Puddler uses "paddle ;" 
fire fixed ; doors closed and iron 
worked. 
lOh. 15m., a good deal of iron " come 

to nature ; " helper now works. 
lOh. 16m., iron completely granula- 
ted and coheres slightly. 
lOh. 17m., cinder all absorbed, and 

bottom dry. 
lOh. 20 m., damper put down ; iron 
still worked by helper. 
Begins to Ball \h. 19m. lOh. 22m., iron shows dazzingly 

white points and begins to boil ; 
coheres well ; furnace become hot- 
ter ; cinder drips out of balls and 
puddler balls up. 
lOh. 26m., balls well formed ; iron 
sparkles a little. 
Balls Beady Ih. 24m. lOh. 27m., balls ready. 
1 Oh. 27^m., first ball out. 
lOh. 29Jm., second ball out. 
Charge Boiled lA. 29m. lOh. 32m., thirdhall out. 
The iron worked well in squeezer, and roughed down well 
into 2J inch muck bars, which weighed when cool, 446 pounds. 
The percentage of yield was thus 93.9 per cent in the first trial 
charge. 

For the second trial heat the wrong metal was charged at 
lOh. 35m., but was drawn out completely and the proper iron 
charsed. 
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TIME CONSUMED. PERIODS AND REMARKS. 

lOh. 44in., heat charged 70 lbs. tap 

cinder, and 475 lbs. Isabella grey 

forge pigs, 
llh. 4m., iron red and little melted ; 

helper bars up. 
llh. 9m., lire fixed; iron about half 

melted. 
Iron Melted 36m. llh. 20m., all iron melted; damper 

lowered and helper stirs. 
llh. 21m., scale thrown in. 
llh. 23m., more scale thrown in, 

and iron made pasty. 
llh. 29m., iron becomes liquid again, 

and more scale thrown in. 
llh. 36m., both risen a good deal 

and cinder well mixed ; damper 

raised half up ; helper still on, 

and large bubbles on the bath, 
llh. 37|m., puddler stirs ; iron fully 

up to stopper hole ; damper nearly 

open, and indications of boil, 
llh. 40m., iron fallen somewhat. 
Begins to Boil 59m. llh. 43m., iron becomes regularly 

pasty, and boil begins thoroughly ; 

puddler still on. 
llh. 45m., more cinder thrown in; 

bath very hot. 
llh. 47m., iron up to stopper hole ; 

cinder doubles out ; helper takes 

his turn, 
llh. 49m., iron fully up ; cinder 

streams out of hole ; fire fixed, 
llh. 50m., iron commences to stit- 

fen, and jets come up strongly. 
llh. 54m., metal boiling strongly; 

fire fixed, 
llh. 57m., bath more pasty ,and staff 

laid on ; puddler on ; though no 

cinder runs out over bar. 
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Iron Granulates Ih. 16m. ISh., iron begins to "drop" or granu- 
late ; puddler still on. 
12h. Im., paddle used, and metal 
separated and worked, damper 
down, nearly shut. 
12h. 2Jm., helper on. 
Begins to Ball, lA. 20m. I2h 4m., iron begins to show in daz- 
zling white points, the cohering 
masses broken up, helper still 
on. 
12h. 7m., damper raised, puddler 

works iron. 
12h. 9m., cinder absorbed in mass, 
bottom dry and puddler begins to 
form balls. 
Balls Ready, Ih. 30m. 12h. 14m., balls ready, damper down, 

fire fixed. 
12h. l^m.., first ball out. 
12h. 17m., second ball out. 
Charged Boiled Ih. '6bm. 12h. 19m., third ball out. 
The balls squ-eezed well, the metal being good, and rolled well 
into 2 J inch muck bars, which weighed, when cool, 420 tbs. The 
yield in per cent of this charge was therefore 88.4 per cent. 
The quantities charged were 70 lbs. best tap cinder ; 475 lbs. 
Isabella gray forge pigs ; 130 lbs. of roll scale and 180 lbs. of 
selected lump coal. 

For the third trial heat, which was boiled solely by i^atural 
Gas in furnace Mo. 22, built on the plan of Mr. Robertson, the 
fourth heat in the furnace was chosen as before. 

TIME CONSUMED. PERIODS AND REMARKS. 

9h. 10m., heat charged ; 100 lbs. tap 
cinder and 486 lbs. gray forge Isa- 
bella pig. 

9h. 37m., pigs red; the furnace had 
been run with damper nearly 
down, the heat being controlled 
by turning the gas valve. 

9h. 38m., puddler breaks up the pigs. 

9h. 45m., pig half melted; cinder 
quite liquid ; helper works. 
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Iron Melted 43m. 9h. 53m., iron all melted and the 

bath very liquid ; puddler works ; 
a piece of rabble broken off at 9h. 
45m. could not be found. 

9h. 55m., bath very hot and liquid ; 
scale thrown in. 

9h. 57m., more scale thrown in and 
damper lowered. 

lOh. om., bath stiff and nearly up to 
hole ; the helper stirs. 

lOh. 5m., more scale thrown in. 

lOh. 8|m., all scale at furnace thrown 
in. 

lOh. 10m., damper closed; metal 
"hard to i-aise." 

lOh. J.2m., 15 lbs. more scale thrown 
m; large bubbles form. 

lOh. 15m., 3 lbs more scale thrown 
in ; a crest barely formed over 
bath ; puddler works. 

lOh. 16|m., staff put on door plate ; 
2 lbs. more scale in ; iron well up, 
but bath still quite liquid. 
Begins to Boil, Ih. 13m. lOh. 23m., begins to boil ; damper 

raised, gas remaining as before; 
helper works. 

1 Oh. 29m., pasty grains just forming 
on surface of bath. 

lOh. 31m., mass more pasty, granu- 
lating well; strong jets out of 
bath. 

lOh. 34m., iron quite pasty and be- 
ginning to drop ; puddler works 
and brings it up again by rabbling ; 
Damper up a little more, but gas 
same as before. 
Gramdates Ih. 28m. lOh. 38m., iron all pretty well granu- 

lated; jets stronger. 

lOh. 42m., iron granulated; quite 
stiff ; getting hotter ; paddle used. 
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lOh. 44ni., helper on ; iron drops. 
lOh. 47m., iron dry, coheres slightly; 

leaves bottom. 
lOh. 49m., puddler on; lumps well 
broken up. 
Begins to Ball, lA. 43m. lOh. 53m., bottom dry; lumps co- 
here well and very solid; iron 
shows vfhite parts ; damper nearly 
shut. 
lOh. 55m., damper closed ; more gas 
on ; puddler begins to make balls ; 
iron softer and apparently more 
spongy than the iron in coal heats. 
Balls Beady, \h. 47Jm. lOh. 57Jm., balls ready. 

lOh. 58m. first ball out; damper 
sliut, the flame covering the iron 
well, 
llh. Om., second ball out: damper 
up, to ball up a bit sent back from 
squeezer. 
Charge Boiled Ih. 52m. llh. 2m., third ball out ; furnace 

very hot. 
The balls squeezed well and made good muck bars, which 
weighed, when cold, 475 pounds. The yield in per cent of this 
charge was therefore 97.74, and the lossonly 2.26 percent. The 
quantities charged were 100 pounds best tap cinder, 58 pounds 
Isabella gray forge pig, 145 pounds roll scale. 

The fourth trial heat, being the fifth in 'Ko. 22 furnace, was 
charged as soon as the cinder from the third was tapped out. 

TIME CONSUMED. PERIODS AND REMARKS. 

llh. 5ra., charged 75 pounds best 
tap cinder and 484 pounds Isabella 
gray forge pig iron. 

llh. 7^m., furnace door shut. 
Iron Melted. 40m. llh. 45m., iron all melted, damper 

down and scale thrown in. Iron 
quite hot; puddler stirs. 

llh. 52^m., Helper on. Bath stifter 
than last and rising better ; dam- 
per lowered further. 
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Begins to Boil 56Jm. 



Granulates \h. 31m. 



llh. 59m., more scale in; bath up to 
hole and cinder rmming out; a 
light crust on surface, small bub- 
bles. 

12h. l|m.,more scale in, cinder run- 
ning out of hole ; surface pasty, 
bubbles freely formed. 

12h. 6Jm., a little more scale thrown 
in, staflt" laid on, damper still 
nearly shut. 

12h. 10m., bath risen over staflE", very 
slight granulations show on sur- 
face, damper up a little. 

12h. 13m., puddler on, bath gone 
down a little ; large bubbles form- 
ing. 

12h. 18m., iron up again and hotter; 
bubbles with jets. 

12h. 21m., extra scale thrown in (5 
pounds) to bring iron down. 

12h. 23m., granulations begin to 
show on surface, bubbles and jets 
less, strong. 

12h. 25m., helper on; bath begins 
to stiffen. 

12h. 31m., puddler on; bath quite 
stiff, "and will go down solid," 
helper says; paddle used, iron 
boiling in waves. 

12h. 34m., begins to granulate and 
to cohere slightly. Drops hotter 
than the preceding heat; both, 
however, being hotter than the 
coal heats. 

12h. 37m., helper on; iron down, 
quite granular, cohering well; 
some cinder on bed. 
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12h. 39m., puddler on; iron coheres 
well ; bed dry ; puddler breaics 
iron up with slight rabble; more 
gas on, damper remaining at same 
height. 
12h. 41m., iron hotter, cinder sweats 
out of lumps ; gas shut oft" again 
somewhat. 
Begins to Ball lA. 38m. 12h. 43m., iron shows quite white in 

specks; gas shut more otf; pud- 
dler begins to make balls. 
12h. 44m., damper shut and gas 
turned on. 
Balls Ready, Ih. 42m,. 12h. 47m., balls ready; cinder very 

liquid on bed. 
12h. 48m., first ball out, flame quite 

smoky. 
12h. 51m., second ball out; damper 
up a little. 
Charge Boiled Ih. 49m. 12h. 54m., third ball out. 
The iron squeezes and rolls well. The yield was 462 pounds 
of cold bars; hence, 95.5 per cent yield and 4.5 loss. There 
were charged 75 pounds best tap cinder ; 484 pounds Isabella 
gray forge pig ; 150 pounds roll scale 
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Tabulation of Results. 





OOAIi AS FUEL. 


NAT. QAS AS FUEL. 


Items for Comparison 


CD O 

p p 


? ? 


Charge No. 3. 
Furnace No. 22. 


p Q 

CD 9 

9 ? 

w • 


Charged, 
Isabella Pig-iron 


Pounds. 

475 

70 

120 

269 

446 

Per Cent. 

93.90 

6.10 

Minutes. 

39 

55 

69 

79 

84 

89 

89 


Pounds. 

475 

70 

130 

180 

420 

Per Cent. 

88.4 

11.6 

Minutes. 

36 

59 

66 

80 

90 

95 

95 


Pounds. 
486 
100 
145 

47f. 

Per Cent. 

97.74 

2.26 

Minutes. 

43 

73 

88 

103 

107i 

112 

112 


Pounds. 

484 


Best Tap-cinder 


75 


Roll scale 


150 






Muck-bar got 


462 


Yields. 
M.nck-bar>. .. .. . 


Per Cent. 
95.50 


Loss 


4.50 


Comparative Periods. 
Iron melted 


Minutes. 
40 




56J 


Granulates 


91 


Begins to ball 


98 




102 


Charge boiled* 


109 


Total time required. 


109 



The muck-bars made from these charges, being 2} inches by 
I inch in section were speared for piling. The piles consisted 
of 4 pieces of this size and long enough, say 10 inches, to make 
a test-bar, f inch square, of sufficient length. The charges 
were numbered from No. 1, the first charge in the coal fur- 
nace, to ITo. 4, the last charges in the gas furnace. Supposing 
it possible that there might be a diflFerence in the qualities of 
the metal made from the middle and that from the ends of 
the muck-bars, lengths, for piling, were cut from the centres of 
the respective muck bars. "With these piles there was charged 
in the furnace a special pile of four 4JX| inch muck bar pud- 
dled on a special order with gas burnt over an auxiliary 
coal fire. The piles were ready for rolling in 55 minutes from 
the time of charging, and when rolled, the bars were numbered 
as follows : 

TEST BARS. 

No. 1, EoUed from middle of Muck-bars of charge No. 1, 
No. 2, Rolled from ends of Muck-bars of charge No. 1. 
No. 3, Rolled from middle of Muck-bars of charge No. 2. 
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No. 4, Rolled from ends of Muck-bars of charge No. 2. 
No. 5, Rolled from middle of Muck-bars of charge No. 3. 
No. 6, Rolled from ends of Muck-bars of charge No. 3. 
No. 7. Rolled from middle of Muck-bars of charge No. 4. 
No. 8, Rolled from ends of Muck-bars of charge No. 4. 
No. 15, Rolled from iron puddled to a given order for a cus- 
tomer. 
No. 16, an inch square bar of iron puddled in regular routine. 

Tests for red-shortness were made on bars Nos. 1, 4, 6 and 8, 
the last three being taken to secure a severe test, if the metal 
from the ends should prove to be the worst. The ends of the 
I inch square bars were flattened out, and when the metal in 
cooling had reached a proper heat, (between a low yellow and a 
red heat,) a taper drift, | inch in diameter at the end and 2 
inches long, was driven sharply through to make a | inch hole 
in metal about three-sixteenth inch thick. After the hole had 
been driven through, the end of the bar was bent over sharply 
on itself. This method afforded two severe tests at tempera- 
tures which included those at which red-short irons are always 
weakest. 

TEST FOR RED SHORTNESS. 

No. 1. Punched, drifted out and turned sharply over at centre 

of hole, without tear or injury to the metal. 
No. 4. Treated similarly to No. 1, without developing defect or 

causing injury. 
No. 6. Similarly treated ; the metal tore somewhat roughly on 
the outside of the bar, opposite the centre of hole, 
when bent over. 
No. 8. Similarly treated, and the metal opened out somewhat 
at side of hole, but to an extent which did not indi- 
cate any marked red-shortness. 
It appears from these data that in regard to red shortness, 
the metal puddled with coal is rather the better of the two, 
though the difi^erence is slight, the quality of all the tests be- 
ing very high. 

In regard to cold- shortness, the sample bars showed far more 
difference. They were all bent sharply over, across the fibre 
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or direction of the layers of metal, as far as they would £;o; 
also, each bar being nicked with a sharp chisel, it was broken, 
as far as could be, in order to determine the characteristics of 
the fracture. 



TESTS FOR COLD-SHORTNESS. 

No, 1. The bar bent close at the unnicked end ; but, when 
nicked at A, it broke with a fracture, 100 per cent 
fibrous, and of a silky texture of a silvery color. 

No. 2. The bar (f") happened to be bent round just where 
it was marked "11," and though it tore at one 
of the lines on the outside of the bend, yet the 
bar bent close together. When nicked the bar did 
not break, but tore partly off, with a fracture about 
50 per cent granular, and of a silvery color. 

No. 3. The bar (f ") bent back on itself without injury. When 

, nicked it tore away without fracture, and with a 

fibrous, silky structure, about 40 per cent granular. 

No. 4. The bar (f ") bent back closely on itself without expos- 
ing any defect, and when nicked it tore away with 
a fracture 40 per cent granular, parting toughly and 
with a silvery color. 

No. 5. The bar (f") broke when bent through an arc of 150°, 
and broke at a sound place ; when nicked it broke 
short oft', both fractures being -about 96 per cent 
granular. 

No. 6. The bar (f") when bent broke at the 1 of the VI, after 
bending through an arc of 140°, and with a fracture 
100 per cent granular. When nicked the bar broke 
short off" with a fracture almost entirely granular. 

No. 7. The bar (|") broke after bending through an arc of 153°, 
and with a fracture about 75 per cent granular. 
When nicked the bar broke short oft" with a similar 
(75 per cent) granular fracture. 

No. 8. The bar (f") broke at a sound place after bending 162°, 
and with a fracture 85 per cent granular. 
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No. 15. The bar (|") bent back sharply on itself without in- 
jury. When nicked it tore away at a depth of J", 
the fibres parting with a silver gray wholly fibrous 
fracture, showing a clear silvery parting all round 
the torn surface, caused by the bar being bent back 
on itself. 
E"o. 16. The bar (f") bent closely back upon itself without in- 
jury. When nicked it tore away without breaking, 
though hammered fiat upon itself, and parted with 
a fibrous structure, though with some granular por- 
tions. Though not broken ofi^, the bar was nearly 
so after it was hammered together. 
The sketches of page plate 3, agreeing with the respective 
numbers above, show the appearance of the bars after the test 
was complete. The letter A designates the spot at which the 
nick was made. 

It is evident from the above that the iron boiled in the trial 
charge with coal is far better, so far as cold shortness is con- 
cerned, than that boiled with gas. Yet the tests of bars Nos. 
15 and 16 show that iron boiled wholly with gas is equal in 
quality to the best otherwise made. The reason for this is that 
the bars, Nos. 5, 6, 7, 8 contain some 40 per cent more phos- 
phorus than the bars Nos. 1, 2, 3, 4 ; and the phosphorus is pre- 
sent because in the case of the gas the cinder was more liquid, 
and the mixture of gas and air did not have so strongly reduc- 
ing an action as the gases of burnt coal. Both these conditions 
are readily changed, the one by charging less tap cinder, the 
other by admitting more air, providing, if necessary, a greater 
heating surface to raise the temperature of the air admitted. 
For a heating furnace nothing could be better than the furnace 
using gas alone, as the fiame is clear, powerful and reducing in 
character. 

Chemical tests were carefully made from the material used at 
all stages of the process, the samples being taken so as to ensure 
absolute accuracy. In all samples the drill was made to bury its 
outside corners completely below the surface before any part of 
the sample was taken, and all previous borings from that bar were 
thrown away. The drilled muck bars were rolled into the cor- 
responding finished bars. The analyses were all made in the la- 



KATURAL GAS IN IRON WORKING. L. 207 

boratory of the Survey at Harrisburg by Mr. Andrew S. 
M'Creath. 

ANALYSIS OF COAL USED. 

No.l. 

Per cent. 

Water at 225° .920 

Volatile matter 36 .800 

Fixed carbon 49 .912 

Sulphur 1 .672 

Ash 10 .696 

100.000 
Coke 62.280 per cent. ; color of ash, cream. 

ANALYSIS "cold FIX" USED. 

M. 2. 

Iron , 63.250 

Sulphur 0.056 

Phosphorus .072 

Insoluble residue 5.940 , 



ANALYSES OP ROLL SCALE USED. 

No. 3. Average sample roll scale used in coal charges. 
No. 4. Average sample roll scale used in gaa charges. 

No. 3. No. 3, wet. No. 4. 

Protoxide Of iron 61.842 59.597 64.285 

Sesquioxide of iron 17.000 16.383 11.428 

Sulphur 0.380 0.366 0.311 

Phosphorus 0.748 0.720 0.723 

Silica 13.990 13.482 18.180 

IronasFeO 48.100 46.354 50.000 

IronasFe2 08 11.900 11.468 8.000 

Totaliron 60.000 57.822 58.000 

Water. 3.630 



ANALYSES OF TAP CINDER. 

Nos. 5, 6, 7, 8, 9, 10. 

No. 5. Cinder tapped from No. 21 furnace before Jirst coal 
charge. 

No. 6. Tap cinder charged with Jirst coal charge in No. 21 fur- 
nace. 

No. 7. Cinder tapped from eLudaiter Jirst coal charge m No. 21 
furnace. 
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No. 8. Cinder tapped out of furnace No. 22, before first gas 

charge. 
No. 9. Tap cinder charged into first gas charge, No. 22 furnace. 
No. 10. Tap cinder charged into second gas charge, No. 22 fur- 



nace. 





No. 5. 


No. 6. 


No. 7. 


No. 8. 


No. 9. 


No. !0. 




42.235 
33.785 
0.151 
0.419 
17.650 
32.850 
23.650 
56.500 


72.000 

17.571 

0.209 

0.276 

5.970 

56.000 

12.300 

68.300 


56.571 

10.857 

0.291 

1.088 

23.940 

44.000 

7.600 

51 .600 


56 ,571 
8.786 
0.401 
0.888 

26.890 

44.000 
6.150 

50.150 


56.571 
7.429 
0.376 
0.963 

27.130 

44.000 
5.200 

49.200 


56.571 


SesQ uioxide of iron 


7.713 




0.308 


Phosphorus 


0.968 


Silica 


27.030 


Iron as Fe 


44.000 


Iron as Fea O3 


5.400 


Total iron 


49.400 



ANALYSES OF ISABELLA GRAY FORGE PIG IRON USED. 

Nos. 11, 12, 13 and 14. 
No. 11. Pig iron from which the first coal charge was boiled. 
No. 12. Pig iron from which the second coal charge was boiled. 
No. 13. Pig iron from which the first gas charge was boiled. 
No. 14. Pig iron from which the second gas charge was boiled. 



No. 11. 



No. 12. 



No. 13. 



No. 14. 



Carbon, graphitic . 
Carbon, combined 

Siiicium 

Sulphur 

Phosphorus 

Manganese 

Calci\im 

Magnesium 

Iron 



2.770 
1.495 
1.421 
0.180 

0.545 

0.324 
0.147 

trace . 

93.085 



2.860 
1.380 
1.409 
0.198 

0.546 

0.289 
0.141 

trace. 

93.050 



2.880 
1.425 
1.566 
0.198 

0.548 

0.331 
0.139 

trace . 

93.100 



3.050 

1.293 

1.713 

0.143 

I 0.486 

i 0.488 

0.245 

0.149 

trace. 

92.650 



99 967 



99.873 



100.187 



99.731 



Two determinations were made of the phosphorus in No. 14, 
with the second result 0486 as recorded above. 



ANALYSES OF MUCK-BARS PRODUCED. 

Nos. 15, 16, 17, 18, 19, 20, 21, 22 and 23. 
No. 15. Muck-bar ; being sample from the ends of muck-bars of 
lt<t coal charge. 
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No. 16. Muck-bar ; being sample from the centres of the same 

bars. 
'No. 17. Muck- bar ; being sample from the ends of bars of 2d 

coal charge. 
No. 18. Muck-bar ; being sample from the centres of bars of 

the 2d coal charge. 
No. 19. Special sample ; being from the ends of a muck-bar of 

2d coal charge. 
No. 20. Special sample ; being from the centre of this one bar 

2d coal charge. 
No. 21. Muck-bar; sample from the centres of bars of 1st gas 

charge. 
No. 22. Muck-bar ; sample from the centres of bars of the 2d 

gas charge. 
No. 23; Muck-bar ; sample from near the ends of a special 

muck-bar, from which the trial bar No. 15 was 

made. 
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ANALYSES OF TRIAL FINISHED BARS. 

ISTos. 24, 25, 26, 27 and 28. 
2fo. 24. Rolled from centres of muck-bars of first coal charge, 

corresponding to muck bar analysis No. 16. 
No. 25. Rolled from centres of muck-bars of 2d coal charge, 

corresponding to muck-bar analysis No 18. 
No. 26. Rolled from centres of muck bar of 1st gas charge, 

corresponding to muck bar analysis No. 21. 
No. 27. Rolled from centres of muck-bars of second gas charge, 

corresponding to muck bar analysis No. 22. 
No. 28. Rolled in regular routine. 



Carbon 

Silicium 

Sulphur 

Phosphorus . 

Cinder 

Manganese . . 
Iron 



No. 24. No. 25. No. 26. No. 27. No 28 
Per cent. Per cent. Per cent. Per cent. Per cent. 



0.050 
0.336 
0.053 

0.234 

0.040 
.029* 
99.290* 



100.003 



0.052 

0.329 

071 

I 0.216 ) 

I 0.224 5 

0.014 

.029* 

99.180* 



99.899 



0.054 

0.348 

I .083 

, 0.342 ) 

i 0.342 < 

0.018 

.015* 

99.100* 



99.959 



0.055 

(1.270 

0.066 
5 0.302* I 
< 0.300 I 

0.020 
.029* 
99,250* 



99.990 



0.053 
0,260 
0.004 

0.180 

0.020 

.029 

99.360 



99.972 



No. 29 Analysis of Carbon deposited by Natural gas in flues 
of a furnace at places where a slight inward leakage 
of air produces an incomplete combustion. 

Water at 225° 0.023 

Volatile matter 0.133 

Fixed carbon 92.134 

Sulphur . 102 

Ash 7.608 



100.000 



The chemical investigation developed so great a uniformity 
in the composition of the Roll Scale that no difference in the 
products could be ascribed to the scale charged. The same 
" cold fix" of the purest Lake Superior ore ground fine, was 
used in all the charges. 

In respect to the tup cinder, charged with the respective coal 
and gas charges, there is more difference, and rather more indeed 
than might be expected in a mill working always on one forge 
mixture. But while there is a good deal of difference between 
No. 6 and Nos. 9 and 10 in regard to Phosphorus and Silica, 
The figures marked with an * are determinations by Mr. David M'Creath. 
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yet No. 6 is exceptionally low in Silica and Phosphorus for a 
tap cinder, and ISTo. 7, the cinder from first coal trial heat, agrees 
very well with the ISTo. 8 cinder out of ttie gas furnace before 
first gas trial heat. As the furnaces were charged with simi- 
lar and regular mixtures the fact that there is more Phos- 
phorus in No. 7 than in No. 8 shows that the coal furnace elimi- 
nated more Phosphorus than the gas furnace. The cinder 
charged with the first coal heat seems much better in regard to 
Phosphorus than that charged with the gas heats, and this fact, 
while it seems to indicate greater elimination of Phosphorus 
in the coal furnace, does not absolutely show that therefore the 
gas irons should be poorer. For first, the Phosphorus has 
rather a tendency to remain in the cinder ; and second, No. 6 
must be a rather irregular sample, as the percentage of Phos- 
phorus in the cinder tapped from the heat in which it was 
charged, is higher than would be expected from the use of such ' 
a cinder as No. 6 with the given charge. Hence, while these 
analyses are not absolutely conclusive, they show a tendency in 
the coal furnace to eliminate Phosphorus, which agrees with 
the subsequent analyses. 

In regard to the Pig iron, the uniformity is unusual, espe- 
cially so in view of the fact that the pigs used came from all 
parts of the iron pile. If there is any difference in respect to 
the iron, it is in favor of the gas charges as appears from analy- 
sis No. 14. If the Isabella furnace is always run with as great 
uniformity as seems the case from the analyses, the manage- 
ment is entitled to very great praise. 

In regard to the muck -bars, it will be seen that the ends and 
centres of the respective bars have been analysed — that is, sam- 
ples for analysis were taken from each extreme end of every 
bar of each heat, just where the iron was most rough and dirty, 
and also from the centres of every bar of each heat. As the 
centres are unquestionably the best for comparison, let us take 
Nos. 16, 18, 21 and -2 as our basis. 

As to Phosphorus and Sulphur the muck bars of the gas heats 
contain much more of both than those of the coal heats ; iu 
regard to the other elements both are practically identical, the 
gas irons containing least carbon. The greatest difference is 
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exhibited in regard to the Phosphorus, the gas trial iron coti' 
taining nearly twice as much as the coal iron. 

In regard to cinder, the ends of both kinds of iron are prac- 
tically the same, one gas iron sample showing least of all. But 
when we examine the difference between the ends and centres of 
the muck bars of the respective charges tested, we find that in 
the cases of iJos. 15 to 18 the ends show a percentage of cinder 
four to five times higher than in the centres. Yet in the special 
bar Nos. 19 and 20 the centre has nearlj'' twice as much as the 
ends. The final result as to cinder is, therefore, that there is 
not the difference that might be expected between the centres 
and ends of the muck bars (the ends of the bar being of course 
the ends of the puddle balls) and that the preponderance of per- 
centage shows that the centre is slightly freer from cinder than 
the ends. The latter, however, is shown to have been thor- 
oughly expelled in the squeezer and by the passage through 
the puddle rolls. In regard to general composition, the ends of 
the special bar in trials Nos. 19 and 20 are the best ; showing 
less impurit}'^ than the iron from the centre ; in the other bars 
the general composition is substantially the same in the ends as 
in the centres. It cannot be said, therefore, that the ends of 
the muck bars make a worse finished iron than their centres. 

In the analyses of finished bars Nos. 24 (o 27 the result is 
the same as that developed by the analyses of the muck bars. 
In respect to sulphur the gas irons have more, and of phos- 
phorus much more than the coal irons ; and of cinder slightly 
less when taken together. The differences of composition are, 
however, less marked than in the muck bars, as the effect of 
the heating furnace is to eliminate Phosphorus to some extent 
by sweating it out. The statement by which the finished bars 
seem to contain more cinder than the centi-es of the muck bars 
from which they were made must, in my opinion, be attributed 
to the almost insuperable difliculty of obtaining an absolutely 
uniform sample of such a material as puddled iron. The 
differences are, however, small ; and the fact that samples taken 
entirely independent of each other show similar chemical com- 
position as to questionable points proves that the samples fairly 
represented the material. 

I append the results of mechanical tests made by the Messrs. 
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Riehle, of PJiiladelphia. Owing to an unfortunate error, no 
record was made of the limit of the elasticity nor of the 
elongation : 

Testing Department, Philadelphia Scale and Testing Machine 
Works, North Ninth street, above Master. 

Philadelphia, February 6, 1877. 
J OHN B. Pbarse, Esq, Secretary, Harrisburg, Pa. : 

Dear Sir : — We have this day tested for you 14 specimens 
of Wrought Iron subject to tensile strain, with the following 
result : 
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Pounds. 


Pounds. 


Pounds. 


No. 1 


4' X4 ' ^== 


0.5625 ' 


2'^, 560= 


52, 5- 




No. 2 


3 'x3" — 


0.56i'5" 


27, 280= 


48,498 




No. .3 


f XJ' = 


0.5625" 


30, 340= 


53, 940 


[51,791] 


No. 4 


I xr = 


0.5625" 


29, 350= 


52, 180 


Average Nos. 1 to 4 = 


No. 5 


r XI' = 


0.5625" 


HI, 3611= 


57, 529 




No. 6 


0.745X0.745 = 


0.555 '■ 


30, 700= 


55, 315 




No. 7 


1 .745X0 745 = 


0.655 ' 


32, 770= 


59, 045 


[56, 977] 


No. 8 


i'xi = 


0.5625'' 


31,510= 


56, 020 


Average Nos. 5 to 8 = 


No. 16 


i"xr' = 


0.5625" 


3 ', 160= 


53, 618 




No. 1, M.E. 


".74" Diam.= 


0.4301" 


16,930= 


39, 363 


Muck Bar. 


No. 2, M.M. 


0.74 Diam.= 


0.4301" 


20,710= 


48, 1.50 


Muck Bar. 


No. 2, M.E. 


0.7' Diani.= 


0.3«48" 


19,360= 


50,310 


Muck Bar 


No. 3, M.M. 


0.745 Diam.= 


0.4316" 


22, 460= 


62, 062 


Muck Bar. 


No. 4, M.M. 


0.74.) Diam.= 


0.4316" 


25, 130= 


58, 220 


Muck Bar, 



Very respectfully, 

RIEHLE BROS. 
In further explanation of the above report I would add the 
estimated percentage of fibrous and crystalline iron in the va- 
rious specimens. 
No. 1. 100 per cent fibrous. 

97 per cent fibrous. 

98 per cent fibrous. 
98 per cent fibrous. 
90 per cent crystalline. 
20 per cent crystalline ; 80 per cent fibrous. 
18 per cent crystalline ; 82 per cent fibrous. 
10 per cent crystalline ; 90 per cent fibrous. 

100 per cent fibrous. 
[. E. 85 per cent fibrous. 
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2. 


No. 


3. 


No. 


4. 


No. 


5. 


No. 


6. 


No. 


7. 


No. 


8. 


No. 


16. 


No. 


1^ 
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IS 0. 2 M. M. 80 per cent fibrous. 
No. 2 M. E. 65 per cent fibrous. 
No. 3 M. M. 70 per cent fibrous. 
No. 4 M. M. 87 per cent crystalline. 

Miwk Bars. 
No. 1 M. E. is taken from the end of a muck bar. 
No. 2 M. M. is taken from the middle of a muck bar. 
No. 2 M. E. is taken from the end of a muck bar. 
No. 3 M. M. is taken from the middle of a muck bar. 
No. 4 M. M. is taken from the middle of a muck bar. 

Finished Bars. 

On comparing the results it will be seen that the muck-bars 
are somewhat irregular, as is right in such an irregular mate- 
rial, but a great uniformity is noted of all the characters of the 
bars made with coal and an equal uniformity among the bars 
made with gas, excepting bar No. 5, which is irregular in its 
almost exclusively crystalline character. Yet it is not irregu- 
lar in its tensile strength. 

For greater certainty, however, an additional analysis, from 
this special test bar, will be appended. 

This variation of characteristics under a chemical composi- 
tion practically identical except in regard to Phosphorus, and 
the fact that the two trial charges varied by about 0.12 per 
cent Phosphorus (viz., gas {S;^ and coal {2:^^) shows that the 
Phosphorus alone occasioned an average difference of 5,186 
pounds to the square inch and proves that a very small quantity 
of Phosphorus materially changes the properties of iron. 

It will be noticed that the tests show that all the bars 
made with gas broke under the smith test. Hence, the 
greater tensile strength denotes greater hardness and brittle- 
hess ; and the appearance of the test bars corroborates this view 
as bar No. 5 broke almost with the original area, and Nos. 
5, 6, 7 and 8, with an elongation roughly estimated at 15 per 
cent, while the coal bars broke with at least 28 per cent elonga- 
tion. Therefore the bars in question must be graded as a com- 
paratively inferior iron. This of course does not apply gene- 
rally to iron made with gas, as shown by charge 6, but only to 
the bars in question. Consumers prefer the gas-iron as being 
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more homogeneous, and more susceptible of polish, and a bet- 
ter iron generally than that made from the same pig iron with 
coal. 

Further, the most important result of the whole work is the 
conclusion that iron with less than 0.2 per cent Phosphorus and 
otherwise ordinary composition is good and unusually good, and 
that with 0.3 per cent and more is comparatively bad. These 
trials fix the amount of Phosphorus that can be present in first 
class high grade irons, and show that iron in this respect resem- 
bles steel. With 0.1 per cent of Phosphorus, or less, soft steel 
is good; with 0.2 per cent it is bad and dangerous, in rails at 
least. 

The fact that iron can be made stronger, when desired, by 
leaving its phosphorus in it or so regulating its composition as 
to increase the Phosphorus slightly has been known and prac- 
ticed ; but in the light of the above trials such a course must be 
regarded as reprehensible. 

Also, the suggestion to be drawn from all this is, that if 
iron with 0.3 per cent of Phosphorus and only 0.05 per cent 
of Carbon can not be made first class what reason have we tt 
expect that steel can be ? In the light of these trials the so- 
called phosphorus steels must be regarded as dangerous mate- 
rials. 



o 



APPENDIX B. 



THE BOYD'S HILL GAS WELL AT PITTSBURG, 



J. p. LESLEY. 



This well is drilled from a platform at the south end of 
Boyd's hill, overlooking the Pittsburg Steel Works, on the north 
bank of the Monongahela river. 

The derrick is 70 feet high. The derrick floor is 852.28 feet 
above ocean level (Pittsburg Union Depot being 745.26); 95 
feet (by barometer) above Messrs. Anderson and "Woods' office 
pavement; and 153 feet above low water in the Ohio river. 
Base of Pittsburg coal bed, 1,050' (with possible error of 5') 
above ocean level, interval between derrick floor and Pitts- 
burg bed, therefore, 200'+, to be increased by 50' or 60' for the 
southward dip across the Monongahela. 

The well is about 2,300 feet deep in January, 1877, having 
been begun early in 1876. 

It was located by Dr. Hunter on a compass line 23° 10' west 
of south from the oil producing wells on the Divner and M'- 
Ginley farms and the large gas wells on the Dufliey farm in 
Butler county, said survey being made by Civil Engineers Ede- 
burn and Cooper, of Pittsburg. " My idea being," adds Dr. 
Hunter, " that this degree represented the strike of the oil and 
gas producing rocks of Butler county." 

It is needless to remark that this method of locating one oil 
or gas well from another must necessarily prove ineftectual, be- 
cause it imagines the plane of the oil to be in the vertical, 
whereas it spreads horizontally. Land surveyors and civil en- 
gineers, not being trained geologists, are naturally disposed to 
overvalue the powers of their special professional instrument, 
the compass or transit ; and it is not to be wondered at if, in 

[L. 217] 



218 L. F. PLATT, COKE REPORT OF 1875. 

the confusion of men's ideas about oil, and the origin of na- 
tural gas, the engineer's compass should have made a stiff light 
to keep the field over which it had, so to speak, the right of 
pre-emption. 

Since rock-oil and gas in union with salt water are held by 
horizontal layers of loose sand and gravel, and since these lay- 
ers of sand and gravel were of course deposited in and by run- 
ning water, currents in an ancient and probably rather shallow 
sea, it is clearly useless to attempt to follow their irregular 
courses underground by surveying straight transit lines across 
the present surface of the country. The straighter the compass 
line is run — in other words, the more skillful the engineer — 
the less will his line correspond to the real lines of direction of 
the ancient oil and gas-bearing sand and gravel banks mean- 
dering and branching a thousand feet beneath him. He can no 
more tell by means of his compass through what narrow chan- 
nels in the narrow and more or less crooked sand-bar the oil is 
slowly moving, than a boy, by drawing lead pencil lines on the 
top of a pile of boards, can tell what is the direction of the 
grain, or the movements of a worm, in the hundredth board 
down from the top. Even on the impossible supposition that 
his lines may for once accidentally correspond to the grain ot 
the hundredth board, they certainly could not correspond also 
to the grain or worm holes of the hundred and tenth board, 
representing, say, the Second sand-rock of the oil ; and still less 
to the hundred and twentieth, representing the Stray sand ; 
the hundred and thirtieth, the Third sand, &c. 

The Pittsburg Boyd's Hill well is only one more of the mul- 
titude of dry wells the locations of which have been chosen 
on the faith of compass lines. Nor will this faith quite die out 
of men's minds until good maps of the underground sand-bars 
(or rather of their looser parts which hold gas and oil) shall 
have been made and widely published. But this can only be 
accomplished by the united efforts of civil engineers, oil sink- 
ers and geologists ; the oil sinkers furnishing reliable well re- 
cords ; the surveying engineers locating and mapping the pro- 
ductive wells on the surface ; and the geologists not only mak- 
ing, comparing, grouping and representing in vertical sections 
the order of the oil sands, but also constructing underground 
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contour-line maps of them, so as to discover and exhibit their 
slopes or dips. Mr. Carll has set a fair and plain example of 
the method by which this is done in his Report of Progress I, 
for 1874, pages 18 and 19, where the reader may find two page 
plates exhibiting the shape of the upper and under surfaces of 
the First and Third oil-sands of Venango county. There is no 
reason why every engineer and surveyor of the oil regions 
should not do the same for each district or locality with which 
he is best acquainted ; and thus, in an ino'edibly short time, we 
should have a series of extensive maps of each and all of the 
oil-bearing sands over all their extent in western Pennsylva- 
nia. Such maps would indubitably show all the central cur- 
rent lines, and the outside irregular limits of each and all of 
the productive sands. Such is, in fact, the task which the Geo- 
logical Survey of Pennsylvania has set for itself. 13ut more 
rapid progress could be made if sui'veyors, engineers and well- 
sinkers of the oil regions would co-operate with the survey. 

Many hundreds of well records have been collected by Mr. 
Carll as a preliminary for this work. The first installment of 
the collection- has been printed hy the American Philosophical 
Society in its Proceedings, recently ; and extra copies for the use 
of the survey are in the hands of Mr. Carll for distribution to 
oil men and engineers, who can obtain them by applying for 
them with a promise to furnish their own or any reliable ma- 
terials of the same sort to help forward the study of the oil- 
rocks. (Address, Pleasantville, Venango county.) 

Mr. Carll, in his Second Report of Progress, II, will em- 
body all these well records (and many more) in a classified form, 
and will give the conclusions to which he has arrived. • 

The principal obstacle encountered, after that of getting trust- 
worthy records, has been a want of the levels above tide (or above 
some other known datum level, which amounts to the same 
thing) of the different well mouths. In the absence of this 
element a map of the underground cannot be made, however 
many well records may be on hand, and however accurate may 
be the measurements down to the Sands. 

What is most wanted is this: The levels of 25, 50 or 100 
mouths of wells in one locality, say within a radius of two or 
three miles. 
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A comparison of the levels of the mouths of two wells at 
the distance of 20 or 40 miles is of no value whatever, unless 
the wells lie north-east and south-west from each other ; that 
is, along the strike of the great bituminous coal basins, which 
all run in that direction, sinking slowly toward the south- 
west. 

For example, what good does it do to compare the levels 
above tide (of either the top or bottom of) two such wells as 
the Boyd's Hill well at Pittsburg, and the Fairview well in 
Butler county 40 miles distant? — seeing that the powerful 
Brady's Bend anticlinal axis runs between them in a direction 
diagonal to the line which connects them on the map. (See fig- 
ure on the opposite page.) 

The descent along this anticlinal is so great that the Con- 
glomerate is at A (below Brady's Bend) 100+ feet above the 
Allegheny river bed; it is at B (below Pittsburg) 300 -f feet 
below the bed of the Ohio river ; and we must add to this the 
difi^erence between railroad levels at B and A, which will about 
represent the fall of the river bed, say 830 — 731=100, 
feet. The total fall of any one oil sand rock in a direction 
south-west along the crest of the anticlinal for 41 miles (from 
where it crosses the Allegheny to where it crosses the Ohio,) is 
therefore about 500 feet. 

This is why there is no Pittsburg Coal bed in the hills at 
Brady's Bend. They should be 600 feet higher than they are 
to take it in. 

This is why the depth of a well sunk to strike a certain rock 
beneath the surface at Pittsburg has no known relation to the 
depth of a well sunk to strike the same rock at Butler, until 
the dips of that rock on both sides of the Brady's Bend anti- 
clinal and on both sides of the Brady's Bend synclinal are ac- 
curately ascertained. 

Explorers for oil and gas, trusting merely to levels or com- 
pass lines or any other surface indications, if they intend to 
cross that anticlinal from Butler County into Allegheny County, 
may just as well abandon their purpose first as last. They have 
absolutely nothing to go upon — until thej' have collected all the 
reliable well records in the two counties — leveled all the mouths 
of the wells in relation to one another — placed them accurately 



amtif/inal ti/iul .(ffticl/iui/ , rM^Cffa//,ctJtMiet:tiiiin,, <vs to levels, 
Sefiireefn. t/ie^uifetfio. mV wells a/iid' WfUs at^^ifMtmgr^iy. 

(JicotidSetflotfieal Sarny qfJ^:miJ^lvaiu'a */fc/jort tif'/'nitfrc^«Jj.Aftfl:.) 



tfadj well. C^.-^ttE, (^ 







boyd's hill gas well. L. 221 

upon a map — and then calculated the rise and fall of eome re- 
cognizable rock in all the wells, first down the south-east slope 
of the Brady's Bend synclinal, then up the north-west slope 
of the anticlinal, and finally down its south-east slope. 

But, it may now be asked, can we not get all we want to 
know, after a deep well (like the Boyd's Hill well) has been 
drilled, by comparing the rocks it has gone through with the 
rocks gone through in Butler countj' ? 

No. And for two reasons : — 

1. The drillings do not tell us with sufficient plainness what 
we go through ; 

2. Sufiicient care is never, and can never be, under ordinary 
circumstances, taken to get the entire record of a deep well ; 
finally — 

3. The same rocks do not extend for forty miles without 
many a locSl change and sometimes a total disappearance, or 
substitution by some other kind of rock. 

All this will be fully explained in Mr. Carll's forthcoming 
reports, and it need not here be repeated. 

All that is insisted on here is, that the judicious student of 
this great practical problem of Western J Pennsylvania will be 
slow to theorize, — will refuse to jump across distances of 20 
and 40 miles, — ^will rather study local groups of wells, — will 
follow on across the synclinals and anticlinals with slow and 
cautious steps, collecting and mapping one group of wells after 
another, watching the changes which take place in all the rocks 
of his wells, changes of thickness, hardness, color, porosity, 
distance between rocks, — until he has the whole changeable 
series clearly before him, and can then safely identify its sand- 
rocks in wells at great distances from one another. 



The Boyd's Hill gas well is one of the most interesting and 
important bore holes ever drilled. It is also one of the deep 
wells. It passes through the Barren Measures, the Lower Pro- 
ductive Coal Measures, the Pottsville Serai Conglomerate, the 
Mauch Chunk Umbral Red shale, the Pocono Vespertine or Moun- 
tain sandstones, the Catskill red rocks, and the oil group of 
Venango and Butler counties, and possibly through even some 
of the Warren Measures. Its record is tolerably good down to 
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1,700 feet. Here the great flow of salt-water took place, and 
the remaining 600 feet are not recorded with all the certainty 
that is desirable in an investigation of such importance. Cir- 
cumstances were unfavorable to perfect accuracy, in spite of the 
earnest efforts of its superintendent to reach that end. 

The following record, furnished courteously by Dr. Hunter, 
gives an excellent general idea of the series of rocks drilled 
through, and is of immense value in settling some hitherto 
pending geological questions. But there are some curious de- 
fects in it, which, if left unnoticed, would lead to serious mis- 
conceptions of our western geology. For example : — 

There must be some mistake about the 8-foot bed of coal 
marked at 86 feet; for at that depth only the well known 
small 1 or 2 foot coal bed of the Barren Measures crops out 
both north and south of the derrick, at the foot of the hill in 
one of the streets of Pittsburg, and in the banks of the river 
Monongahela. 

The Freeport Coal series also, consisting of two coal beds and 
one limestone, is passed without notice. 

The Kittanning Coal bed and ferriferous limestone are also 
passed unnoticed. 

The coal bed marked in the record as lying just on top of 
the CongUimerate is represented as of most unusual (although 
not entirely incredible) thickness. (See Coal A, Cambria Re- 
port HH.) 

'So red shale is mentioned under the Conglomerate, but it is 
quite possible that the Mauch Chunk ( UmJbral) may be destitute 
of red layers underneath Pittsburg ; although it is more likely 
that the red color of some of the shales passed through at that 
depth was overlooked for want of knowing the geological signi- 
ficance of the red color. 

The 26-foot limestone at the bottom of the Umhral (if good 
measurement) is the most important item in the whole upper 
half of this record. If the rock here passed through was 
really limestone, then we have in it a fixed, sure and well 
known geological horizon from which to measure upwards to 
and through the Coal Measures, and also downwards through 
the Pocono and Catskill (or Mountain sand group) towards the 
oil-sand group. Not only this ; we have a means of connect- 
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ing the underground geology of Pittsburg and its vicinity 
(which has never happened before) with the Devonian rock 
sections exposed in the gaps at Blairsville, Latrobe, Mt. Pleas- 
ant and Connellsville to the east, and with the underground 
geology of Butler county to the north-west; for in the wells 
there the same thick, silicious, Umbral (or Mountain) Limestone 
is indicated. 

The Great Sandstone at 1,700 feet represents well enough the 
lowest conglomeritic layers of the Vespertine in the Chestnut 
ridge gaps above mentioned, and it is indicated at about the 
same depth below the Serai. 

Whether this sandstone is the lowest Mountain Sand of the 
Oil Regions, or the First Oil Sand, is a doubtful point. In the 
former case it would be the Berea Grit of Ohio, according to 
Mr. Carll. 

All below this is in a state of uncertainty. Even the ac- 
counts given (for there are three of them) from this part of the 
well respecting the red rocks in the upper part of the oil group 
furnish no positive data for working out the exact place in the 
vertical series where the well stops. It is evident, however, 
that it has gone down through all the Oil Group, if not a good 
deal further. And yet it has passed through neither oil nor 
gas. There is therefore no reason for expecting oil or gas in 
rocks still lower down. Nevertheless the importance of sink- 
ing it a thousand feet further is, in a geological sense, so great 
that it would justify the Legislature in expending several thou- 
sands of dollars in the work. Such an opportuniy will not soon 
i-ecur. The well is large, well drilled and furnished with a 
strong 70- foot high derrick and good rig. 

While studying the record and section I had an opportunity ot 
carefully examining an imperfect exhibition of the drillings 
preserved in eleven jars, about five inches in diameter and 
eighteen inches high, ranged in order on the mantelpiece in the 
office of the company. Each jar, however, contains only half 
a dozen layers of sand &c. &c., obtained in process of drilling 
from different depths ; and although strips of paper are pasted on 
the outside of each jar, and labels are attached, with figures to 
indicate depth, some of these strips and labels are missing, and 
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no explanations can now be obtained of the typical character 
nor of the layers, nor the number of types. The layers in the jars 
are separated by crumpled sheets of paper ; and the interior of 
the jars could not be examined without much time and labor 
spent over them. A lens is of little use in looking through 
the glass, because of oxidation and other changes having taken 
place against the inner surfaces of the jars ; but the general 
character of each layer can be roughly made out, and the fol- 
lowing notes were taken accordingly : 

0. Platform of the Boyd's Hill Derrick (250' below the Pitts- 
burg coal bed.) 
86'. Top of coal bed. Here struck fresh water. 
94'. Bottom of coal bed. This interval of eight feet repre- 
sents the 6 feet of gray slate (weathering quite black) 
and 1 J feet of coal, to be seen at present in the cutting- 
down of the streetway, at the foot of the hill, three 
squares north of the derrick, and (by barometer) 60' 
lower in level than the derrick floor ; the difterence 
between 60' and 94' is made by the visible dip of the 
coal bed towards the derrick.* 
305'. Bottom of 211' of " friable sedimentary strata." In this 
interval the Lower Barren Measure coal beds ought 
to have been drilled through. 
350'. Bottom of 45' of [Mahoning] sandstone, " close, white, 
hard." The layer of these drillings in jar No. 1 con- 
sists of cubical fragments {\") looking like the grains 
of the Mahoning Sandstone ; mixed with finer sand 
grains. 
482'. Bottom of 182' " friable sedimentary strata." Here should 
appear the Freeport Coals (Upper and Lower) and 
Freeport Limestone. The layer in the jar consisted 
of gray and rather coarse shale, through which were 
scattered minute quartz pebbles. 

* This dip is an important fact in the geology of the vicinity of Pittsburg. 
It explains why the Monongahela river outs into the olifisof its southern 
shore, keeping them very high and steep, with the Pittsburg bed at the top ; 
while Grant's hill and Boyd's hill, on the north bank, in the city, taper down 
to a lower level. 
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507'. Bottom of 25' sandstone, "more porous than the 45' sand- 
stone above.". "A little show of gas." (Note: This 
sandstone is not mentioned in the labels on the jar, 
and may have been meant for the 25' sandstone, be- 
tween 587' and (il2'.*j There is another record read- 
ing thus: " Dark sand at 350', which continued about 
the same to the depth of 680 feet." 

580'. Top of 52' fine sand. " Hard sand following it for 32'. 

582'. Top of 6' sandstone,t " hard, white." (Half inch frag- 
ments in jar.) 

587'. Top of 25' hard white rock. — Salt water. 
612'. Top of coal bed. (Upper or perhaps Lower Kit tanning.) 
615'. Top of 6' of blue rock. (" Jilue sand rock at 615', 25 feet 
thick.") 

621'. Top of 20' of white 8a,nd. (The layer in the jar is one of 
white sand, with many fragments of darker sand and 
a little shale.) 

642'. Top of 15' of blue rock. (In the jar are many minute 
pieces looking like fragments of crinoidal discs broken 
up, but the lens could not be brought to bear on them 
sufficiently to make their character certain. ) 

657'. Top of 18' of slate, 

675'. Top of 20' of dark sand. (In the jar, there is here a layer 
of entirely fine yellowish sand, iron rusted, with sub- 
ordinate layers of orange.) In the record it reads 
thus : — 

676'. A Trace of Limestone. — "G-ray shale and horseback, 20'." 
(If traces of genuine limestone were really got here, it 
is an important fact, showing either the presence of 
the Ferriferous Limestone of Clarion county or a still 
lower layer, such as sometimes occurs in Jefl'erson 
county.) 

*This is rendered more probable by the fact that under it is reported 36' 
slate, and then 3 ttoal, neither of which appear on the jar, but occur in the 
record lower down. It is probable, therefore, that the sandstone 482'-507' 
ought to be transferred to 582'. 

t This is no doubt the same as "fine sand" at 580 . 

15— L. 
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695'. Top of 25' of dark sandy shale. (In the jar it is decidedly 
blackish and coarser than that already mentioned ; 
truly a dark shale ; no pebbles are noticeable. It is a 
genuine shale mass, probably churned up by the bor- 
ers with streaks of coal or coal slates.) But in the 
record it reads : — 

696'. Top of 24' of gray sand rock. 

720'. Top of 9' coal bed. (This is an unusual thickness for the 
coal A, overlying the Conglomerate ; although there 
are places, as at Bell's Gap, in Cambria county, where 
the bed has an equal thickness. No such size is as- 
cribed to it in its numerous outcrops through Indi- 
ana, Westmoreland, Fayette, Somerset, Clearfield and 
Jefferson. It is, however, a variable bed, and may 
possibly be 9' thick under Pittsburg. It is represented 
in the jar by a black layer, streaked with yellow, from 
the decomposition of pyrites.) 

729'. Top of 60' of sand rock, [Pottsville (Serai) Conglomerate, 
No. XII], white, with Salt Water. It is represented 
in the jars by three layers of drillings : 1. The top 
layer is of a dove-colored and exceedingly fine, white 
sand. 2. The middle layer is like it, but with a dash 
of orange, and brilliant red specks against the glass 
show oxidation of iron. 3. The bottom layer is of 
coarse sand, but without pebbles, and decidedly red or 
rather orange, but not at all the color of the hydrated 
red shales of XI, Umbral, or of the hydrated red 
sands of IX, Catskill. Its orange red color accounts 
for its being marked in the record thus: — 

729'. Top of 69' of "red Mahoning Sandstone," "sandroek 
resembling the Mahoning Sandstone." (But it is not 
the Mahoning Sandstone, which, in fact, lies in its 
proper place, 380' above it. Nor has it the character 
of that formation. It is the Millstone Grit, Pottsville 
(Serai) Conglomerate, Xii, at the base of the Lower 
Productive Coal Measures.) 

789'. " Black Slate a< 788'" (Record.) Black slate in jar; very 
black, but without coal. This represents the coal for- 
mation which frequently underlies the Conglomerate. 
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879'. Bottom of 90' feet interval ; represented on the record 
section as all black slate, but not so stated in record, 
nor on the jars. The black slate is said to have oc- 
curred at the top of the interval. In fact, no such mass 
of genuine black slate is known, even in the Anthra- 
cite Coal Measures. 'So doubt layers of black slate, 
and even of coal, were encountered in passing this in- 
terval. Probably, also, layers of the red shale of XL 

888'. Bottom of ^' \ e + ^f J ''^^^^ sanA ; traces of coal. 

889'. Bottom of 10' ) ( black sand (in jar) ; dark green- 

ish black, and not a very coarse sand. Record adds, 
" followed by a vein of good Limestone 24 feet thick, 
which I take to be the Kittanning Limestone," i. e., 
the Ferriferous. (But the place for that is 200' his;her 
up in the well.) 

914'. Bottom of 25' of Limestone [Mountain Limestone : Urn- 
bral Limestone; St. Louis Limestone; W. B. Rogers' 
Virginia Lewisburg Limestone 600' thick; the 40' 
Limestone of J. J. Stevenson's Report on Fayette 
and Westmoreland counties, 1877.] The layer of 
drillings in the jar look like fire clay, and as if mixed 
with sand grains. No opportunity afforded for test- 
ing it with acid. (Fire clays have been repeatedly 
mistaken for limestones in the Butler county wells. 
The outcrop in the ravine south of Parker City has 
been taken for an outcrop of limestone even by ex- 
perts.) There is very little reason to doubt that the 
well here goes through the Mountain Limestone, be- 
cause the proper distances have been passed through. 
Note the record puts the top of this Limestone at 
912'; the jars put it at 914'. 

994'. Bottom of 80' white sandrock. [Pocono Sandstone; 
Vespertine of Rogers ; Upper or Grey Catskill, No. 
X.] The record adds, " corresponding with the 40 and 
60 foot sand of Butler county, so called by the drill- 
ers." (This is open to the same objection as the iden- 
tification of the 60' SS. No. XII above, with the Ma- 
honing.) In the jar, at the top of this 80' is a brilliant 
orange layer with specks of crimson all through it. 
But the mass is of white sand. 
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1,076'. Bottom of 82' of black slate "containing gas." (In the 
record, "Black Sand at 976 [?992] followed by black 
slate 84' thick.) In the jar this is a dark blue 
slate, looking like ground up slate-pencils. 

1,076'. Record says, "at this point, 1,076 feet, found what 
is called the Mountain Sand 108 feet thick, which 
is known as Serai Conglomerate, (XII,) followed 
by slate and thin layers of sand rock for 150 
feet." (See what is said above at 729'.) 

1,186'. Bottom of 110' of "Mountain Sand, First Serai Con- 
glomerate." (Such is the label on the jar, in which 
is seen a layer of fine, dove-colored sand, evidently 
from a massive rock, but no pebbles are to be seen in 
it larger than a pin's head. This rock is certainly not 
the Serai Conglomerate No. XII, but one of the moun- 
tain sands of Butler county ; which one is not so evi- 
dent.) 

1,340'. Bottom of 154' of " slate and shells of sand." (Label 
on the jar. The layer inside is of dark gray and 
blue slate, with quartz grains ; a confused mass tell- 
ing nothing.) 

1,375'. Bottom of 85' of " sharp white sandstone." (Label.) 
The layer in the jar is a dirty dove-colored coarse 
sand, evidently from a hard, massive rock, but with- 
out pebbles. The record says : "White sand at 
1,340' ; here a close white sand, 36 feet." Then slate 
and thin layers of sand, at 1,376', 28' thick, to 1,404'. 

1,405'. Bottom of 30' of "slate and shells of sand." (Label.) 
The layer in the jar is a pepper and salt mixture of 
flakes of silicious slate with grains of coarse sand ; 
evidently some layers of hard rock have been passed 
through. 

1,590'. Bottom of 185' of "black slate." (Label.) The layer 
in the jar is an homogeneous mass, 8 inches deep, a 
mixture of quartz grains and slate fragments, all ex- 
tremely small ; darker at the top than at the bot- 
tom. But there is no way of finding out how nearly 
this represents the whole 185', nor whether it repre- 
sents better one part of the formation than it does an- 
other part of it. The record reads thus : — 
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1,404'. ) jg^, ] "Black Slate at 1,404'."— when we found a 
1,588'. ) ( black slate 184' thick. From No. XII to 

this point (1,588') I regard it as Umbral of Prof. 
Rogers, or No. XI ; that is, from the bottom of No. 
XII, which is 1,184' to 1,588', making 404', the thick- 
ness of the Umbral at this point." — (The real Umbral 
has been shown above at 788' to 912', with a thick- 
ness of only 134', which agrees well with the thick- 
ness of XI in the Chestnut Ridge, allowing for its 
thinning out westward.) 
1,588'. ) ^^2' J "White quartzite at 1,588'. Berea Grit." 
1,700'. ) ( "At 1,588' found a Conglomerate, which con- 

tinued to 1,700', having a strong fishy sm-ell, and produc- 
ing Salt Water from the top to the bottom, 11° strong. 
This I regarded as the Upper Berea Grit No. X, Vesper- 
tine." 
1,700'. Bottom of 110' of "White First Sand, Conglomerate, 
traces of oil." (Label.) The layer in thejar is 10 inches 
deep, composed of beautifully transparent quartz grains, 
all of them angular, and of about the same size, that of 
a large pin's head. This drilling diflers from all the 
preceding, as exhibited in the jars. It reminds one of 
the glass sand from the Oriskany outcrops on the Ju- 
niata. It is much tinted with an orange iron wash. 
From this remarkable rock issued, and issues still, a flood of 
strong brine, at the rate of3,000 to 4,000 barrels per daj'. Dr. Otto 
Wuth reported that 848 gallons of it make one barrel (280 lbs.) 
of salt and 60 pounds of bittern. Bromine, 0.31 per cent. 

From this same layer issues, by the well at Leechburg, the 
stream of gas described in this report. 

The plate illustration accompanying this report shows, in 
parallel vertical columns, 1. the section of measures pierced by 
the Boyd's Hill well ; 2. those recorded at Leechburg ; and, 3. 
a section of the same measures as they appear in the gap of 
the Conemaugh, above Blairsville, made by Prof. Stevenson ; — 
and there can be no room for doubt that this rock, charged 
with gas at Leechburg, is charged with salt water at Pittsburg. 
It is a water-bearing rock also in Virginia. 

That there is no gas in it for a long distance around Boyd's 
Hill seems proved by the absence of any unusual back pressure 
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on tlie brine, which does not spout from the top of the well, 
although it runs off freely. But this it ought to do, seeing it 
has the still higher land of Allegheny county to the north of 
it. The pressure of brine on the casing at 1,590' was sufficient 
to collapse the tube, and this was the only serious misadventure 
experienced in sinking the well. Considerable delay ensued, 
and all the subsequent records of drilling are made less valu- 
able by the interference of the stream of salt water. The re- 
cord of a wet well is never worth as much as that of a dry well. 

The geological value of this well is therefore good down to 
the depth of 1,700', but not so good from that depth to the bot- 
tom (2,300'), which is unfortunate, since the interval (1,700' to 
2,300') must be occupied by the Butler- Venango (and perhaps 
the Warren) Oil Sand Group. 

The -practical value of the. well ceased at this point also. For 
if the Leechburg gas-flow were to issue at the Boyd's Hill der- 
rick, it would have to come from this 110' sand. There was, 
however, a possibility of tapping some other regular oil sand 
and getting gas from it if the well were sunk to a greater 
depth. This was done, and the oil sands were all pierced, but 
neither oil nor gas found. 

The records of the next spaces disagree, as may be seen from 
a comparison of A=the labels on the jars, B=the section and 
MSS, and C=another MSS report :-— 



A. Jar Labels. 



1,700' 

to 
1,710 



■ "Light sand 

colored by 

. salt \vator." 

Black sand 

and 

shells (of 
sand rock) 
[in jar, 
blackish 
I blue slate.] 
( Light colored 
J sand yellowish 
(.pebble." 
In the jar three streaks, 
one red between two grey, 
the whole coarse sand. No 
further labels on 8th and 
9th jars. 



1,790 



1,830' 



10' 



\ 70' 



40 



1,700' 

to 

1,740 

1,760' 



1,775' 



,'l 



1,815' 



1,8S0' 



B. MSS Record. 

40' White close Sand Rock. 

20' "Dark sand," called also "Bark 
Slate." 

15' "Black Sand." 

( "Red shale and sand rock." 
'Found red shales with thin 
layers of close grained sand 
70' { stone interspersed through 
it, from 1 to 5 inches thick. 
The whole thickness of the 
shales being 70'." 



15' 



" Black Slate, with trace of red 
rock at the bottom." 
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C Original Copy. B. Continued. 

1,845'. 1,845'. 

25' Black Slate, trace of red 15' Black Slate, trace of red. 

1,870'. 1,860'. 

(not mentioned.) 40' Grey Slate, colored with Iron 

1,900'. 

50' Black Slate, a 38' Black Slate, a. 

1,920'. 1,938'. 

40' Red Rock, b 12' Red Rock, 6. 

1,960'. 1,950'. 

(not mentioned.) 15' Gray Sand, c. 

1,965'. 

16' Red Rock (not mentioned.) 

1,976'. 

34 Black Slate 45' Black Slate. 

2,010'. 2,010'. 

Going back for a description of some of these layers, we find 

in the record the following : — 

1,938'. Top of 12' of " red rock." (6.) "At this point we found 
12' of red rock, which gave a red color to the water in 
well. On washing the drillings from this rock they 
lose most of the red color." 

1,950'. Top of 15' of "gray sand." (c.) "Close grained gi-ay sand 
corresponding to the 'Boulder' found in the Butler 
county Oil Region." 

1,965' Top 45' of " black slate." 

2,010' Top of 25' of "light brown sand; rather close in the 
grain, corresponding to the stray sand of Butler county." 

2,035'. Top of 15' of white close-grain sand ; 3d Sand." 

2,059'. Top of 40' os "dark slate." 

2,090'. Top of 27' of sandstone ;"— "slate 27', and close thin lay- 
ers of sandstone interspersed through it." 

2,117'. Top of 21' of "close grained quartzite ;" "Loose gray 
sand composed of quartzite. This sandstone contained 
a strong smell of oil This is taken to be the 4th sand 
of Butler county, found near Great Belt City, on the 
Sneure and Hame's Farms. On the Sneure Farm, the 
4th sand is found at the depth of 1,733'." 

(2,117' On the jar, No. (X,) is the following lable : " Here 
struck dark corn-meal rock ; 21 feet. Strong smell ot 
oil and gas.") 
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(2,138' In the jar, is a layer marked, "Mushy Slate, "which looks 
like a handful of common muddy sea-shore sand ; all 
the fragments are frosted over with what look like 
angular grains of quartz. Then follows a label : 
" Grey slate in this 100 feet." Here the jar record 
ends. ) 

2,117'. Top of 62' feet of "grey shale and quartzite."— "At 
2,117' found a gray shale, which still continues at the 
depth of 2,200'." Here the MSS. and section record 
ends. 

2,200' Somewhere here I got a handful of fresh drillings 
from the sand-pump when drawn up December, 1876, 
and when dried, they had the aspect of ground up 
Chemung shale. 

2,300'. No additional particulars have been reported. 



In comparing the above well with that of the Economites 
at Beaver Falls, now being drilled to a great depth, (and at its 
proposed depth of 2,000' it will be in rocks 400' lower than 
those in which the Pittsburg well has stopped,) Mr. Carll con- 
siders that the 36' sand at 1,374' (base) above agrees well with a 
sand at 675' (base) at Beaver Falls. 

From 700' down to 1,300', the B. F. well went through an 
almost uniform mass of dark grey sandy slates, only broken, 
in fact, by three streams of salt water and one 10' layer of red 
shale. 

Salt water flowed at 820' (one hundred barrels per day) ; at 
1,060'; and much stronger at 1,280'. Of course there must be 
some sort of porous rock at these three levels; and they mark the 
tops of three strata practically tight enough to be water-bearing. 

But it is wonderful to see the total disappearance from the 
Beaver Falls well-record of the 110 foot Boyd's Hill (Pitts- 
burg) brine rock (represented in the Manchester well as 134' 
thick!) 

The 10' of red shale at Beaver Falls comes in at 960'. This 
is about equal to 1,660' at Pittsburg. But the red shales in the 
Pittsburg well begin at 1,775', which is 115' too low. Yet this 
(relative) rising of the red shale (going west) agrees exactly 
(within 5') with the thinning away of the 110' sand-rock to 0'. 
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In an investigation of this nature, new facts being continually 
collected and collated with those already known, rapid changes 
of opinion take place and errors are seldom left longundetected. 

Thus, on page 162 L, above, it is written: "The sand-rock 
from which this gas (Leechburg well) comes is probably the 
third sand," meaning the Third Oil Sand. But the study of 
the Pittsburg well in connection ^n ith that of Leechburg has 
shown this to be impossible. It is either the First Oil Sand or 
the Third Mountain Sand, probably the former. 

On the same page and in the same paragraph it is said that 
"coals are struck in numerous salt wells between Leechburg 
and the Allegheny river." This is more precisely stated in 
Mr. Carll's Memoranda of 1875, thus: — 

"No coal is noticed in this (Leechburg) well. But in a salt 
well on the adjoining farm, and in all the salt wells on the Kis- 
kiminetas between this (Leechburg) and the Allegheny river, 
a nine (9) foot coal bed is reported at a depth of about 90 feet. 
The salt wells are only about 400' deep, and some of theih arfe 
still pumping." 

There is little risk of committing an error, or of inflicting 
injustice, by pronouncing such a report a local and popular su- 
perstition. We see how easy it is to convert a 1 J foot coal bed, 
with 6 feet of shales (not even black slates) over it, into an 8 
foot coal bed, by reference to the Boyd's Hill record, where, 
curiously enough, the 8 foot coal is placed just 90 feet down the 
well. The " 8 foot coal bed" at 720' of the Boyd's Hill well is 
too low for the "9 foot coal bed" of the salt wells of the Kis- 
kiminetas. The non-record of coal in the Leechburg well is an 
certain proof of its non-existence, but it raises very strong 
presumption against a " nine foot coal bed." 

Mr. Carll's description of the Leechburg well is as follows : — 

The Leechburg Gas well was put down in 1871, by Mr. Jos. 
G. Beale, on the south side of the Kiskiminetas, opposite 
Leechburg, on land of Peter Klingsmith, in Allegheny town- 
ship, Westmoreland county, 5 miles from the mouth of the 
river, and Allegheny Valley Railroad Junction. 

"It stands on the bed of a small ravine, and about 25 rods up 
the hollow from the railroad depot and the river bank. 
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"The mouth of the well is 15' above low water in the river. 
Casing shuts oft' fresh water at 350'. A strong vein of salt water 
flowed in at 825', which grew weaker after the gas was reached 
(at 1,200') and gradually seemed to get exhausted ; or, perhaps, 
it may be held back by the pressure of the gas in the well. 

"The gas vein was struck in the top of a pebble rock at 
1,200'. 

" For nearly three years the well was allowed to pour forth 
steadily into the air its immense flow of gas, before any at- 
tempt was made to utilize it. The flow was thought to be as 
strong in 1875 as in 1872 ; but as no tests had been made in the 
interval, it is quite probably that it had weakened considerably. 

" The gas is conveyed from the well in a of pipe into what 
appears to be a common cylindrical steam boiler, furnished with 
an ordinary safety-valve. Near the bottom is a quarter inch 
gas pipe, from which the gas constantly forces the water, 
brought up from the well, in a spray like the steam from a 
gauge-cock. This pipe gives vent to all the water accumulat- 
ing in the receiver. 

" From the receiver the gas is conveyed in a main across the 
river and distributed by a network of pipes throughout the 
works. It is introduced through a f inch pipe into the old fur- 
naces, with very little attention, nothing being required but to 
cover the grate-bars with ashes and to close up the doors in such 
a way as to control the draft. 

" It required from 1,600 to 2,000 bushels of coal per day to 
heat the furnaces now fired by the gas from this well. The 
saving in coal and the greater quantity and better quality of 
iron produced make a difterence to the company of eight hun- 
dred dollars per day in favor of the new method. But it 
should be remembered that this well was bought at only a frac- 
tion of its first cost and pays but one hundred dollars a year roy- 
alty. Ordinarily the expense and risk of sinking wells, and the 
customary royalty, would sensibly diminish these figures. 

" The advantages claimed for gas are : — 1. Furnaces can be 
built cheaper than for coal. 2. Thej-^ will last longer. 3. Four 
heats can be made with gas to three with coal. 4. The pro- 
duct by gas is 30 per cent more than by coal. 5. The iron made 
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is 20 per cent better. 6. The puddler's labor is much light- 
ened. 7. Poor iron is improved by the process. 

" The accompanying record was taken from Mr. Beales' book, 
kept while drilling. (See p. 162 L, above.) 

" The data for the contours and section I took with the Ane- 
roid while waiting for the cars. 

" The coal seam, which is beautifully exposed in the railroad 
cutting for a quarter of a mile, appears to be the Freeport bed." 

Mr. Carll adds the following notes : — 

"•^ The Apollo Well. — Messrs. Rogers and Burchfield have other 
works at Apollo, on the Kiskiminetas river live miles above 
Leechburg, where they sunk a well for gas last season (1874) 
to the depth of 1,300 feet. But little (gas) was obtained. 
Thinking to increase the yield, they inserted a very powerful 
torpedo, since which it has produced none. They are now sink- 
ing another. The present depth (1875) is about 500 feet." 

" Tlie Freeport Well. — In 1874 Messrs. Rowen and Murphy 
sunk a well on the east bank of Buft'alo creek at Freeport. I 
could only learn that it was about 1,800 feet deep, and that they 
struck a gas vein at 1,240 feet, which furnishes enough gas to 
fire a 40 horse-power boiler." 

[As the Upper Freeport Coal bed is at Freeport about 130' 
above the Allegheny river, while it is 66' above the Kiski- 
minetas river, or 50 feet above the mouth of the gas well at 
Leechburg, it is evident that 1,240' in the Freeport well corres- 
ponds in about 1,300' in the Leechburg well; but the Leech- 
burg was struck at 1,230'. The difference (70') may be dimin- 
ished by some unknown difference of height of the mouths of 
the two wells about the river beds. It is in anj' case not a great 
variation, considering the irregularity of the sandrocK deposits.] 

" 2he Gas Well., at Saxton Station, on the Butler and Free- 
port railroad, in Winfield township, Butler county, is 10* miles 
from Freeport, and on the supposed prolongation of the ' East 
Oil Belt' of Middletown." It was struck in the spring of 
1874, and had a very heavy flow of gas from a depth of 1,150' 
to 1,200, where the First Sand was reported 50' thick." (See re- 
cordf given on page 163 L.) 

♦Distance in a bee-line only 7 miles. 

jBut this well record was given from memory. 
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[This well is located on (certainly not a mile west of) the 
crown of the Brady's Bend anticlinal, which carries the rocks 
up several hundred feet above their position at Freeport, and 
accounts for the gas being struck in this well at from 30' 
to 80' less depth than in the Leechburg well, although the 
mouth of the well must be between 400' and 500' higher 
(above tide) than the mouth of the Leechburg well.] 

"The ITiorn Creek Well stands two miles west of Saxonburg, 
on the farm of George Welsh, in Jefferson township, Butler 
county and on the supposed prolongation of the ' West Oil 
Belt ' of Millerstown." (See record,* above, on page 163 L.) 

[The gas came in this well from a sand 40' thick, between 
1,485' and 1,525'. The difference of 335' greater depth down 
this well at which the gas flow took place, although its mouth 
is on high ground, is easily accounted for. As the Saxton gas 
well was sunk nearly to the ridge of the anticlinal, so this 
Thorn well was sunk nearly in the trough of the Brady's Bend 
synclinal. The rocks have a rapid north-west dip down from 
the top of the anticlinal to the bottom of the synclinal, and 
the oil and gas go with them.J 

" The Mahan well, on the Mahan Farm, is in Middlesex town- 
ship, near the Clinton line, in Butler county." (See record,f 
above, on page 165 L.) 

[The gas in this case is reported to have come from a line 
white sand 15' thick, 1,740' to 1,755' down. If the well record 
were reliable, it would make this gas horizon far below those 
already described. But as the ocean levels of these wells are 
not yet all obtained, and very high ground here coincides with 
the trough of the synclinal, (which moreover goes on deepen- 
ing more and more towards the south-west,) it remains an open 
question whether this gas is from the same rock as the gas of 
the other wells mentioned above.] 

" The Harvey well, near Larden's Mill, in Clinton township, 
Butler count}', is said to be 360' above the Allegheny river at 
Montrose, but the elevation may be questioned. It is probably 
the most powerful gas well in the country. Mr. Smith, an ex- 
perienced driller, and part owner in the well, who made the test 

*This rerord, however, was given from memory. 

fNot much reliance can be placed the aoouraoj-of this record. 
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mentioned on page 164 L, above, says he has no doubt the 
pressure would exceed 400 pounds to the square inch." * 

[The gas came from a gray sand 20' thick at 1,120' to 1,140'. 
The well goes down through the coal bed and limestones of 
the Lower Productive Coal Measures (Freeport and Clarion se- 
ries, or at least the Clarion series ; on coal bed 5' thick, being 
reported at 300'. It is therefore impossible that the gas can 
come from a sand lower in the series than the rock which 
yields the gas at Leechburg, and the salt water at Pitts- 
burg.] 
*Prof. Sadtler's analysis of the gas is given on page 153 L, above. 
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Brown's Creek 4 

Brown's Run 11 

Brown's Station level 8 

Buckeye mines 143 

coke works 54 

Bufiaio Gas works 171 

Bull creek, (Butler county), 173,183 

Burden power oi coke 130 

Burning Well scenes 173, 183 

BurningSprlnggas,(Niagara) 146 

Brown's gas well, (Butler)... 173,174 

Burn's well gas 148, 152, 165 

Butler 173 

Butler county gas 148, 161 

wehs 217 

Butyl-hydride 147 

Caking quality pf coking 

coaiS 212 

Calorific values of well gasos, 155 

Cambria tire brick works at 

Braddock's station Ill 

Cambria Iron Company 120 

furnaces 139 

coking works 64,66 

Cameron blowing engine 185 

Cannel coal 34 

Carbon deposit of the gas 

wells analysed 213 

Carbon lost in coking 118 

Carbonic acid in well gas, 146, 154, 175 
I Carr's disintegrator 86 
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Castleraan Station level 8 

Catskill Formation (IX, X).. 12,30 

sandstone 222, 226 

Cellular structure of good 

coke 119,130 

Cement limestone 15, 113 

crusher 115 

Cessation of gas flow 166 

Charging the Belgian oven. . . 132 

Charges for gas furnace 192 

Charlotte furnace 104 

Charred coal 143 

Cheap coUe 16 

Chemical phenomena of iron 

smelting 137 

Chemung oil rocks, (VIII) . . 12, 31 

drillings 232 

Cherry Tree well, (Indiana).. 148, 150 

gas analj'ses 153 

Chestnut Ridge geology, 1,3,4,6,8,9, 
10, 11, 19, 99. 

ores 103 

fire brick 112 

Chicago Coke Market 48 

Chonetes granulifera 34 

Smithii 34 

Cincinnati as a coke market. . 92 

Cities lighted by natural gas, 177 

City Farm station level ...... 8 

Clarion county 225 

Clay Pike 30 

Cleaning coal for coking 122 

Cleveland Ironstone in Eng- 
land 137 

Clinton Township, (Butler) . . 164 

Coal A 222,225,226,233 

Coal bank ore, Jacob's cr . . . . 106 

Coal best for coking 69 

Coal trade of the Youghio- 

gheny 88 

Coal for Iron gas furnace anal- 
ysed 207 

Coal Beds of the Barren 21 

Coal Measures of the Yough. 1 
of the Connellsville Ba- 
sin, Chapter III 33 

Coals differ in use for coking, 118 

Cobum's Creek 37 

Coke, proportion to iron ore 

i n furnace 104 

compared with anthracite 137 
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Coke, region described 3 

area described 120 

yard described 122 

Coking, Chapter V 61 

its object 62 

for furnace use 117 

by heaps 122 

tables 61 

trade eastward 3 

Cold-fix analysed 207 

Cold-short tests 205 

Compass line location of 

wells 217 

Conemaugh river 12 

Condemned Flag ore 18 

Conflagration at gas wells 173, 182 

Confluence Station 9, 30 

level 8 

Conglomerate, (Serai,) Potts- 

ville,) (see No. XII.) 4,23,31 

of the Upper P. C. M 34 

of No. X. Pooono 229 

Connection of the Pittsburg 

and Connellsville coal beds 2 

Connellsville 1, 8,48, 220 

basin 7 

station level 8 

coal bed 2 

gap 31 

coke analysis 16 

coke trade 40 

coke yield 61 

coal in character 62 

compared with Benning- 
ton coal 67 

coke area 120 

coal specially adapted to 

coke 83 

Gas Coal Company 44 

sandstone 17, 18, 19, 35 

Conveyance of gas to iron 

works „ 173 

Cook's Mills station level 8 

Copper's improved Belgian 

ovon 65 

Copper Works station level . . 8 

Corey <fc Co. 's works 94 

Corn-meal rook. 231 

Cornell (fcWorling's works... 92 

Cost of coking 65, 77, 126 135 

Cost of iron-make at Oliphant's 102 
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Coultersville station level 

Cow Kock, see figures 

Crinoids (?) 

Crusher for cement 

Bradford's 

Crushing coal in Wales 

Cumberland (Md.) station... 

coal field 

sandstone 
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225 

114 

122 

87 

8 

34 

38 

coke 64, 75 

coal 06 

Cwmllynfell colliery in Wales, 85 

Oyathocrinus (?) 36 

Datum level 8 

of pipe survey 184 

Dawson station level 8 

Deakey's Bromine works 115 

Dicker's creek 37 

Old Furnace 36 

Delamater gas well 165, 173, 174 

Delphy farm 148 

Vcltodus 37 

Dense coke 83 

Descent of rocks south-west. . 220 

Dexter mines 51 

Diamond Fire- Brick works... 112 

Gas Coal Co. (Jeff, co.) . . 79,80 

coke described 84 

Dip of rocks at base of Ridge, 6 

and erosion 9 

of beds at Pittsburg 224 

Distances to market 3 

]_)istriets furnishing coke 61 

Di vner farm 217 

Drakestown Run station level, 8 

Drillings in jars 223 

Duffy farm 174,217 

Dunbar 12, 14 

furnace 4, 18, 43, 102, 139 

fire-brick Ill 

creek 4, 17, 20, 22, 23, 26, 29 

Duncan's section 55 

Brother's mines 105 

& Lamb's salt well 115 

Dunlap's creek 4, 11 

Durability of the natural gas 

supply 161 

Durham coke 137 

East Sandy gas well 177 

ceased to flow 166 

Ebbw Vale works, in Wales. . 65 
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thracite contrasted 137 
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JSdmundia Aspenivalensis . . . . 35 
Effects of phosphorus on iron, 215 
Efficiency of coke and anthra- 
cite compared 137 

Egypt station level 8 

Elk Lick Coal (see Errata) . . 3.5 

Elk Rock 4,5 

Elk Run 29,31 

EUerslie station level 8 

Ellrod station 8 

level 8 

(P. C. R. R.) 114, 115, 92 

Encrini 21 

Engineering and Mining Jour. 74 

English sluice washer 122 

Enniskillen gas 146 

Enterprise works 46 

Erie gas 161, 168 

heaviest 176 

wells 109 

water works wells 169 

Erosion of the Pittsburg Coal 

bed 2,6 

and dip 9 

Ersoerinus 36 

Ethyl-hydride 146 

chloride 150 

Etholene-bromide 157 

Etna Station 45 

Buomphalus rugosus 37 

Evaporative power of coke ... 76 

Ewing & Boyd's new furnace, 102 

fire-clay Ill 

Fairview gas well (Butler 

CO. ) 165, 173, 177 

Fall of the rivers westward . . 8 

anticlinal south-west 220 

Farr's station 47 

Fayette county 227 

Branch railroad JO 

Coal company 59 

station level 44 

Fairmount (W. Va.) 102 

Coal company '. 38, 79, 80 

coke described 83 

Fairhope station level 8 
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Fiiirchanoe iron works 18 

coke 40, 68, 98 

Pairview gas well 220 

Ferguson's station 43 

Ferriferous Jimestone 37 

Fi brous bar iron show granu- 
lation 214 

Figures of gas (iron) fur- 
naces 192 

Figures of broke^ test bars . . 206 

Fire at gas well 173, 182 

Final Keport of 1858. .*. 1, 13 

Fire-clays, Chap. VII 98 

works docribed, Chap. III. 

mistaken for limestone . 227 

Firing for coke 123 

First geological Survey 1 

First Sand gas 161, 165 

liHuh remains 31 

Flag ore bed 27 

Flow through pipe not accu- 
rately measurable 192, 193 

Foetid limestone 14 

Forge vein ore, Jacob's cr 106 

Forge flre-clay bed, Jacob's cr., 112 

Former sea level 10 

Fossil limestone 18 

Fossil genera mentioned in 
this book — 

AUorisma 37 

Ammonites 2 

AstartcUa 35 

Athyris. 35, 37 

Aviculopecton 35, 37 

Sellerophon 37 

Cyathocrinus 36 

Encrinua 21, 225 

Fish 31 

Scmipronites 34, 36 

Leptcena 21 

Lima 35 

Lophophyllum, 36 

Machrochcilus 35, 37 

Macrodon 35 

Myalina, 37 

Nautiltis 37 

Neuropteris 37 

Nueula 35 

Nuculina 35, 36 

Ort/iis 35 

Ort/ioceras 21,37 
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Fhillipsia 37 

Pleurotomaria 37 

Polypteiiiopsis 37 

Productus 21, 35, 36 

Schizodus 37 

Solonomya 35 

Sphenophyllum 37 

Sphenopteris 37 

ISptri/er 35 

Tercbraiula 21 

Yoldia 35, 36 

Zeacrinus 36 

Fountain Mills station 51 

mines 51 

Fourth Sand of Butler 231 

Frankstown (Westmoreland) 8 
Fredonia gas wells in N. Y., 146,161,170 

Free hydrogen in well gas 164, 176 

Freeport , 175 

coal beds 25,222 

atPittsburg 224 

at Fairmount 69 

group ore beds 98 

gas well 166,235 

Frick &, Co.'s coal, coke 83 

ore 105 

Friction in pipe for gas 1S5 

Frost station level 42 

Fuel gas 158 

Furnace clay bed, Jacob'scr. . 112 

Furnace vein ore, Jacob's cr. . 105 

Gambler's gas 147 

Gap through Chestnut Ridge 

at Connellsville 3,31 

Garret station level 8 

Gas making 71 

trade. Chap. IV 88 

abundant in Jacob's creek 

wells 109 

above red rocks 110 

flow from wells. . . 167, 175, 192. 193 

atLeechburg 229 

at Erie 168 

chiefly from oil sands. 161 

durability, Ap. C 161 

ceased on East Sandy 166 

well sections 162 

analyses 146, 174 

as fuel 168 

used in iron working 173, 178 
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Gas (iron) furnaces, how con- 
structed 178 

proportion co one ton of 

iron made 192 

well on fire 173, 182, 183 

specific gravity 194 

pipe line 183 

well section, Boyd's Hill. 

Appendix E 217 

Geograpliy of the coke region, S 

Geology of the coal field .... 4 
Geological column at Con- 

nellsville 13 

George's creek 4,11,42 

Gist's run 17, 20 

Glendon iron works .141 

Gorgesor gaps of the Yough., 31 

Grafi, Bennett & Go's mill 184, 192 

Grahamite 34 

Granulation. Percentage of 

in fibrous iron bars 212 

Great Limestone U. B. M 14,33 

Great Belt City 231 

Groensburg 3 

Green Lick N. G. RR 104 

Greenwich Point shipping 

port 90 

Gray CatskillPormation, (X.) 30 

Grove Station level 8 

Growth of coke trade 61 

Guffy 's station level 7 

Gypsum 73 

Hame Farm 231 

Hammer scale 181 

Harrisburg works 141 

Harvey well (Butler), 148,149,164,236 

gas analysis 163 

Hazel wood station level 8 

Hays Station, (P. W. & C. RR. 94 

Hays <fe Bros', works 94 

Hawk-eye Station 46 

Heat of furnace 137 

in gas furnace 193 

of iron bar's furnace 180 

Semiproniies crassus 34, 36 

Hickman's run 59 

History of the coke produo- 

duotion 61 

Hocking Valley coal (.O. ) . . . . 142 

Hollidaysburg coke 68 

coal 79 
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Hollidaysburg Belgian oven.. 125, 131 

Honey-com b ore 26 

Horizons of iron ore 98 

of oil and gas 218 

Hydrogen free in well gas 154, 176 

Hydro-carbons 164 

Illuminating power of well 

gas 154,16/ 

of coals 96 

Indian Creek statioti level 8, 9 

Inter-Conglomf rate coal 32 

Irishtown run 29 

Iron and Steel Institute, 

(England) 85 

Iron ore of Pittsburg Coal 17,18 

of Xli 98 

Chapter VII 98 

Iron Bridge station 52 

Iron-working by gas 173 

trials and notes 192 to 201 

Iron yield by gas 179 

to gas ; per cent 192 

bars tested. . ,•. 204 

Irwin's Station, (P. R. R.) . . . 90 

Isabella Furnace 138, 142, 144, 192 

Grey forge pig 194 

Jacob's creek 4,6,7,9,11,25,26 

fire clays 112 

ore 98, 105 

station, (P. C. R. R.) 108 

level 8 

gas 165 

Jackson, (Fayette county,).. 57 

mines 58 

works. 57 

Jackson's (R. M. S.)sections, 27 

Jameson's Salt works 115 

Jar record of drillings 223 

Jareoki Manufacturing com- 
pany's works 168 

Jefferson county 225 

Township. 236 

Jefferson county, red hema- 
tite ore in coal measures. . . . 110 

Jimtown mines 69 

Johnstown 24, 45 

furnace 139 

coke works 122 

Juniata 229 

Karns City 177 
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Kemble Iron and Coal Co., 

Riddlesburg, (B. T.) . . . 122, 124, 139 

Kelly bed coke, Broad Top. . . 120 

Kidney ore bed 27 

Kiskimenitas River 2, 12, 178 

Kittanning 222 

coal bed 225 

Kree's ifc Watt's inclines 29 

Laboratory coke 73 

at Harrisburg 78 

Laduersville, (Butler county) 173 

Lake Superior ore 104 

Lament Station fire clay 117 

Landore blast furnaces, coke, 87 

Larden's Mill, (Buller) 163,236 

Largest iron make of a blast 

furnace ... 138 

Latrobe 222 

Laurel Hill 3, 30 

Run station level 8 

Laughlin station level 8 

Lay ton station level 8 

flre brick 112 

Leechburg well 148, 149, 178, 233 

gas horizon 229 

gas analysed 152 

gas section 162 

Lehigh furnaces 140 

"Valley 49 

Lamont station 41 

U. Br. P. & C. R. R 102 

LeptcBna 21 

Levels of the region 3 

table of, along P. C. R. R., 8 

of Boyd 's Hill well 217 

of well mouths 219 

Lewisbury (Va.) limestone.. 227 

Lignite 34 

Ligonier 9 

Valley 6, 8, 19, 29 

sandstone 20 

Lima retifera 35 

Limestone 14 

analyses 15 

of Barren Measures 20 

of Lower Prod. CM 23 

of XI 222,227,29 

Ferriferous 225 

at Dunbar 103 

over Pittsburg coal bed . . 100 

ore 1 1 
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Lime kilns 

Limit of elasticity 

Little Toby creek 

Sewickley creek 

Lobinger Salt Works 

Locating wells 

Lochiel furnace 

Locust Point at Baltimore. . . 

Loiseau's artificial fuel 

Long Run Station level 

P. and C. R. R 

Lophophyllumproli/erum.... 36 

Loss of carbon in coking 67,118 

Lost Land run (Md.) 39 

Lower Barren Measures 17, 36, 224 

Lower Coal Measures 4 

Lower Freeport coal bed 23, 24, 37 

Lower Kittanning coal bed . . 225 

Louisville 94 

Low furnaces 142 

Lucy furnace 138 

yield 144 

Macrocfieilus primigenius .... 35, 37 

ventricus . . '.' 35, 37 

Macrodon obsoletus 35 

Mahan gas well (Butler co.).. 163,236 

Mahoning sandstone 17, 22, 26, 36, 37 

at Pittsburg 224,226 

at ridge 6 

descri bed 21 

Manchester well 232 

Map of the coke field 4 

Map of pipe Ime 183,184 

Maps of the underground 218 

Marl of the Barren Measures, 21 

Marsh gas 140 

series 154 

Mauoh Chunk Formation (see 

No. XI) 4, 222 

Maxwell, Brady & Co.'s fire 

brick works 112 

M'Adams & Co.'s lime kilnS! . 113 

patent breaker 113 

M'Cartney's (J.) quarry 30 

M'Ginleyfarm 217 

M'Kean county 38 

M'Keesport station level ... 3, 7, 8, 93 

M'Kinney & Bro.'s Works 94 

M'Lanahan's oven 134 

Meter for measuring gas flow, 192, 193 
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Methods of coking 63 

Appendix A 117 

Method of collecting gas 148 

Middle Freeport coal bed 37 

MiddleRun 11 

Middlesex township, Butler.. 163 

Midlothian coke (Virginia)... 75 

Miller bed (B) in Blair co. . . . 62 
compared with Connells- 

ville coke 66 

with Bennington coke 68, 120 

Millerstown, Butler county. . . 236 

Milton gas well 166 

Milwaukee market 48^ 

Mineral Point Station level. . 8 

Mixture of ores 104 

Mixed coal for coke in Wales, 87 

Mouongahela river 1, 21, 215 

slackwater navigation ... 3 

series of coal measures ... 12, 33 

Conglomerate 39 

Montrose well 236 

Moore's station (P.& C.R.R.), 9J,91 

Morgan station 49 

Morgantown 36, 38, 39 

sandstone 17, .35 

Mound coking 122 

Mountain limestone 30, 222, 227 

ores of XI 103 

Mountain sandstone 228 

Mount Braddock 42,43 

Mount Pleasant 222 

Br. P. & C. R. R. . . . 3, 48, 51, 54, 104 

Coke works 56 

cement 113 

Mount Savage coal bed 37 

fire brick 38 

Moi^nt's creek 4, 7, 22, 25 

Muck bar 206 

analysed 181, 208, 209 

tested 203 

Mullin's Works 54 
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Myersdale Station Level 8, 9 
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Adams (P. F.) 170 

Allen (Charles) 8 

Appolt & CoppeS 65 

Anderson & Wood 217 
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Ghalfant (Spang ACo.).. 148,184 
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Cooper 217 

Conkle (F. A.) 164 

Coppefi ( Appolt &) 65 

Corey & Co 94 

Cornell & Werling 92 
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Duncan & Lamb 115 
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Niau ara Falls gas 146 

Nitrogen in well gas 146 

Northampton furnace 141 

Nucula anodontoides 35 

parva 35 

ventricosa 35, 36 

Nuculina beLlistriata 35 

arata 36 

No. VIII Formation 12, 31 

No. IX Formation 12, 31 

Nos. IX, X Formations 30 

No. X Formation 12, 229 

No. XI Formation 12 

red shale 18 

limestones of, 29 

coal beds m, 32 

ores in, 103 

No. XII Formation ... .23, 31, 37, 38, 39 

on the mountain 4 

terrace knobs 6 

coal beds in, 32 

variable formation 171 

Oakdale station level 8 

level (P &C. R. R.) 112 

Obstacles to oil investigation, 219 
Obstructions put into the gas 

line pipe 185 

Ocean mines 90 

Ohio River at Pittsburg 4,220 

affluents 3 

Conglomerate 31 

Ohiopite Falls 8 

Station level 9 

OilwellsofSt. Jo(Butlerco.), 148 
Oil well records, Nos. 1,2,3,4, 

5, on Jacob's creek 109 

Oil sands 21,31,223 

Oil belts 172,235 



INDEX. 



L. 249 



Pago. 

Oil wells 31 

Old Red Sandstone For 31 

Old Franklin Iron Furnace. . . 17 

Forge 17, 22 
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ore section 99 

blue lump ore 34 
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Well gas analysis 146 
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EER AT A. 

Page 35, iJlk Lick bed is the second beneath the Pittsburg. 
Page 35, Barton bed, to be called Berlin bed. 
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